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Abstract 
Concanavalin A (con A) exhibited cytotoxic effect to PU5-1.8 
macrophage cell line as measured by [^H]-thymidine incorporation and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 
assay. Incubation of PU5-1.8 cells with con A suppressed the [^H；-
thymidine incorporation and the mitochondrial dehydrogenase activity in 
a dose-dependent manner. The EC50 found from these assays is 
8-15|ig/ml of con A. However, not all the PU5-1.8 cells were susceptible 
to con A treatment. Results also indicate that serum protected the cells 
from the con A cytotoxic effect. Obviously, PU5-1.8 cells were more 
sensitive to con A than normal peritoneal macrophages (EC50 = 43|ag/ml 
in MTT assay). On the other hand, pre-incubation of cell with a-D-
methylmannopyranoside suppressed con A-induced cell death. This 
suggests that the binding of con A to surface binding sites may be 
through the saccharide binding and this interaction is important to 
initiate the cytotoxicity. 
It is found that about 50% of PU5-1.8 cells contained condensed or 
fragmented chromatin after con A treatment. The apoptotic bodies with 
nuclear material were also observed from various optical sectionings in 
confocal microscopic studies. Furthermore, DNA was released from 
cells into culture medium after incubation with con A. A more typical 
characteristic of apoptosis, DNA fragmentation, was observed in con A-
I 
treated PU5-1.8 cells. Thus, con A is an apoptosis-causing agent in PU5-
1.8 cells. 
Low concentration of cycloheximide (lOOng/ml), an inhibitor of protein 
synthesis, rescued con A-induced cell death. Therefore, the programmed 
cell death caused by con A may require protein synthesis. On the other 
hand, poly(ADP-ribosyl)ation may also play an active role of apoptosis 
in PU5-L8 cells since inhibition of this reaction suppressed the con A-
induced cell death. 
The studies of confocal laser microscopy show that calcium 
mobilization was triggered by con A in PUS-1.8 cells. This increase of 
cytosolic calcium is due to the influx of external Ca2+ and mobilization 
of Ca2+ from internal pools. However, pre-incubation of PU5-1.8 cells 
with intracellular free Ca2+ chelator, 1,2-bis(2-amino-phenoxyl)-ethane-
N,N,N',N',-tetraacetic acid acetoxy(methyl) ester (BAPTA-AM) 
suppressed the rise of Ca2+ mediated by con A and ionomycin but did 
not suppress the DNA fragmentation. On the other hand, PKC was also 
activated by con A as measured by Western blotting and 
immunocytochemical studies. However, the chronic PMA treatment to 
down-regulate the PKC only partially abolished the cell death induced 
by con A. These data suggest that con A elicited both PKC activation 
and Ca2+ rise but they did not involve in the con A-induced programmed 
cell death. Therefore, the transmembrane signaling for the apoptosis in 
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B APT A-AM 1,2-bis(2-amino-phenoxyl)-ethane-
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’Cell death' is a biological phenomenon of cells that lose the growth 
ability and undergo degeneration. 
Studies of cell death have reflected different philosophies. Some 
scientists regard it as a strictly pathological process (Wyllie, 1981), 
arising only in abnormal circumstances and producing manifestation of 
disease (Jennings et al, 1975; Trump & Mergner, 1974). This includes 
disruption of metabolic regulation by various agents and poisons or 
physical injury. Their conclusions were oriented to expand our 
knowledge of cellular events in certain disease (Wyllie, 1981). This 
mode of cell death is commonly called accidental death (Bessis, 1964) 
or necrosis. On the other hand, some scientists think that the cell death is 
a physiological phenomenon necessity for the development and 
maintenance of tissue shape (Gliickamann, 1951; Saunders, 1966; 
Wyllie, 1981). This mode of cell death is known as programmed cell 
death or apoptosis. It is required or desirable for the proper development 
of an organ, system or individual as a whole (Wyllie, 1981; Cohen, 
1991). 
IL Morphological Characteristics of Cell Death Process 
11. 1. Necrosis 
Cellular necrosis (Bowen & Bowen, 1990; Wyllie, 1981) is caused 
pathologically by toxic or harmful agents such as complement attack 
(Prieto et al., 1967)，hypoxia (Jennings et al, 1975)，hyperthermia 
(Buckley, 1972), lytic viral infection, poison (McLean et al, 1965) and 
inhibition of various metabolic pathways such as oxidative 
phosphorylation, glycolysis, or Krebs cycle (Laiho & Trump，1975; 
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McDowell, 1972). It is also the mode of cell death in autolysis in vitro 
(Finlay-Jones & Papadimitriou，1973). It occurs synchronously in a 
group of cells (Gerschenson & Rotello, 1992). 
The morphology change of cellular necrosis has been studied in 
detail (McLean et al., 1965; Buckley, 1972; Jennings et al” 1975; 
McDowell, 1972; Ganote et al., 1975). It can be divided into two stages: 
reversible and irreversible stage. The former stage of morphological 
change can be reversed if the causes are delivered. When the cell passes 
'the point of no return', the cell will enter the latter irreversible stage and 
die eventually (Laiho & Trump，1975; Trump &Ginn，1969). 
For the reversible stage, cells exhibit mild degree of cytoplasmic 
oedema, dilation of endoplasmic reticulum, slight mitochondrial 
swelling, disaggregation of polysomes and the appearance of multiple 
small aggregated of condensed chromatin around the nuclear periphery 
(Wyllie, 1981) (Fig 1). 
For the irreversible stage, cells show 'high amplitude' swelling of 
mitochondria一a florid dilation with rupture of internal cristae and, 
usually development of matrix densities of flocculent or granular types. 
Finally, the extensive cytoplasmic swelling, dissolution of cytoplasmic 
organelles and rupture of plasma membranes are resulted (Wyllie, 1981). 
Lysosomes appear intact until cytoplasmic degradation is advanced 
(Buckley, 1972; Hawkins et al., 1972). The necrotic cells remain 
adherent to each other or to adjacent basal lamina until irreversible 
swelling of mitochondria. The nuclear change is rather unremarkable. 
The chromatin margination increases and the nucleus swells. The 
nucleoplasm becomes increasingly electron lucent, containing scattered 
small coarse chromatin mass, nuclear pores in normal disposition. 
It can be observed in cells with the characteristic mitochondrial lesions 
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Fig. 1 The summary of morphological events in necrosis. 
(After Wyllie, 1981) 
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(Wyllie, 1981). There is a loss of microvilli and contact regions with 
substrata. 
Under light microscopic observation, necrotic cell shows a uniform, 
eosinophilic cytoplasm and nucleus with normal staining (Wyllie, 
1981). After the nuclear dissolution and plasma membrane has ruptured, 
the cellular substances (including proteins, DNA molecules) released 
into bloodstream. This gives rise to the inflammatory action through the 
activation of immune system. 
The mechanisms of necrosis are mainly caused by abnormal 
permeability prior to morphological change (Wyllie, 1981)，and the 
disappearance of membrane ion-pumping activities. The injury to 
membrane may be direct (for example, by complement) or secondary to 
cellular energy depletion. The evidence shows that there is a loss of 
potassium and influx of calcium and sodium ions correlated with pre-
and post-lethal cell injury (Trump et al., 1981a; 1981b; Bowen & 
Bowen, 1990). Calcium overload plays a more important role in necrosis 
(Trump et al., 1979; 1980; 1981a; 1981b). The reduction of ATP in 
necrotic mitochondria renders a rapid inhibition of Ca2+-ATPase pumps 
in plasma membrane, reticulum and inner mitochondrial membrane， 
leading to increased cytosolic calcium levels. The increased calcium 
level affects microtubule and microfilament polymerization (Schliwa， 
1976) leading to formation of cell Webbings. The calcium-dependent 
membrane bound phospholipases are activated causing damage to 
plasma and mitochondrial membranes (Bowen & Bowen, 1990). 
Cardiolipin, a major component of inner mitochondrial membrane, is 
displaced during the necrosis. It loses the ability of maintenance of 
mitochondrial Mg2+-ATPase，NADPH oxidase and cytooxidase 
function. Thus the loss of ATP production leads to the inability to pump 
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the Na+ ion out of cell and results in increased membrane permeability. 
The calcium level even further increases and finally subcellular 
organelles swell. Eventually, lysosomes are ruptured and release 
hydrolytic enzymes into the cytoplasm. The autophagy or heterophagy 
occurs when the lytic enzymes leak out of the cells. A summary for 
necrosis is shown in Figure 2. 
n . 2. Apoptosis—ProgramTned Cell Death 
The term 'programmed cell death，(PCD) means cells possess an 
intrinsic system to kill themselves. Thus a cell is 'programmed' to die. 
This mode of cell death is an advantage for survival during the 
development and growth in an organism. 
Apoptosis is somehow interchangeably used with PCD. The name 
'Apoptosis' is proposed by Kerr and Searle (1972) from the Greek 
meaning of ‘ falling off The apoptosis has been described in detail by 
many scientists (Wyllie，1981; Bowen & Bowen，1990; Vaux, 1990; 
Arends & Wyllie 1991; Cohen, 1991; Dive & Hickman, 1991; Ellis et 
al” 1991，Bursch, 1992; Gerscheson & Rotello，1922; Potten, 1992; Sen 
& Dlncalci, 1992; Tenniswood et aL, 1992; William et al.，1992; 
Wyllie, 1992). The cell undergoes apoptosis asynchronously. The 
morphological changes of apoptosis occur in three phases suggested by 
Arends and Wyllie (1991) (Fig. 3). In the first stage, the nuclear size 
reduces and the chromatin condenses into toroids or crescentic caps at 
the nuclear periphery. The nucleolus disintegrates with dissociation of . 
the transcriptional complexes from the fibrillar center. The early ^ay_ed � 
apoptotic cells detaches from their neighboring cells or from culture cell 
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Fig. 3 The summary of morphological events in apoptosis (after 
Wyllie, 1981) 
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adopts a smooth contour. Cell volume shrinks, (so that the apoptosis is 
called shrinkage necrosis at early time) (Kerr & Searle, 1972)， 
cytoplasmic organelles become compact and the smooth endoplasmic 
reticulum dilates. The dilated cisternae fuse with the cell membrane, 
giving rise to a bubbling appearance at the surface. Cytoskeletal 
filaments aggregate in side-to-side arrays, often parallel to the cell 
surface. The ribosomal particles clump in semicrystalline formation, but 
otherwise the organelles remain intact. The cell membrane is 
impermeable to vital dyes at this stage. 
In the second phase (may overlap with the first), there are blebbing 
at the cell surface and crenation of the nuclear outline. Then both 
nucleus and cytoplasm may split into fragments of various sizes. The 
cell becomes a cluster of round, smooth, membrane-bounded apoptotic 
bodies, some containing nuclear fragments and some containing 
cytoplasmic organelles. These bodies may be shed from epithelial 
surface or phagocytosed by neighboring cells or macrophages. 
In the third phase, the residual nuclear and cytoplasmic structures 
degenerate progressively. In cultured cells, these are manifested as 
membrane rupture, producing permeability to vital dyes (termed 
•secondary necrosis'). In tissue, these changes occur within the 
phagosome of the ingesting cell. Eventually the membrane disappears, 
the organelles become unrecognizable and have an appearance of a 
lysosomal residual body. 
The general differences between apoptosis and necrosis are 
summarized in Table 1 (modified from Gerchenson and Rotello，1992). 
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Characteristics Apoptosis Necrosis 
Stimuli Physiological Pathological (injury) 
Occurrence Single cell Groups of cells 
(asynchronously) (synchronously) 
Reversibility Reversible before Reversible up to the point 
morphological change of no return 
Adhesions between basal lost (early) lost (late) 
membrane 
Cytoplasmic organelles Late stage swelling Very early swelling 
Lysosomal enzyme Absent Present 
release 
Nucleus Convolution of nuclear Disappearance 
outline and breakdown (Karyolysis) 
(Karyorrhexis) 
Nuclear chromatin Compacting in uniformly Clump not sharply defined 
dense mass 
DNA breakdown Internucleosomal Randomized 
Cell Formation of apoptotic Swelling and later 
bodies disintegration 
Phagocytosis by other Present Absent 
cells 
Exudative inflammation Absent Present 
Scar formation Absent Present 
Table 1. Comparison between apoptosis and necrosis. 
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The whole process of apoptosis lasts for 7 to 8 hours, as suggested by 
Bursch etal (1992). 
III. Triggering of Programmed Cell Death 
There are many agents for triggering of PCD. A summary of the 
agents induced programmed cell death is shown in Table 2. 
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Categories Agents Reference 
Anticancer drugs Teniposide Tepper & Studzinski 
1992 
Camptotliecin Del Bino et al., 1992 
2-chloro-2'-deoxyadenosine Onishi et al” 1993 
9-6-D-arabmosyl-2-fluoroadenine Onishi et al, 1993 
Tetrandrine Chen et al.’ 1992 
5-fluorodeoxy-uridine Kyprianou & Issacs，1989 
Trifluorthymidine Kyprianou & Issacs, 1989 
Cisplatin Barry al, 1990 
Toxins 1-6-D-arabinosylcytosine Kizaki et al, 1992 5-azacytidine Kizaki et al.’ 1992 
Pathogenic Infection Shigella flexneri infection of macrophage Zychlinsky et al” 1992 Staphylococcal enterotoxin Kabelitz & Wesselborg， 1992 
Human immunodeficiency virus-1 Meyaard et al.，1992; Ameisen, 1992 
Protein Inhibition Cycloheximide Collins d al., 1991; Geier et al, 1992 
Cytokines and TGFp-1 Lotem & Sachs’ 1992 
Honnones IL-2 Migliorati etal 1993 
IL-4 Mangan et al.’ 1992 
IL-6 Oritani et al.. 1992 
Glucocorticoid Wyllie, 1980 Alnemri & Litwack，1990 
Monoclonal Antibody IgM Valentine & Licciarcii’ 
against Cell Surface Protein Fas antigen Miyawaki et al, 1992 CD3 YmetaU 1992 
Physical Means Cold shock Kruman et al, 1992 
Hyperthermia Baxter & Lavin，1992 
Ionizing irradiation Baxter & Lavin, 1992 
Hormone Ablation Estrogen dependent cell Kyprianou et al.’ 1991 
Physiological Prostate regression Kerr & Searle，1973 
Phenomena Involution of mammary gland Walker et al, 1989 
Conjugation of Tetrahymena Davis et al，1992 
Targets of cytotoxic cells Duke et al, 1983 
Developmental cell death in Caenorhabditis Driscoll & Chalfie, 1992 
elegans : embryogenesis, metamorphosis 
Autoreactive T cell clone selection Cohen, 1991 
Table 2. A summary of agents which induce the programmed cell 
death 
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IV, DNA Fragmentation and Activation of Endogenous 
Endonuclease 
For the cells dying through necrosis, randomly cleared DNA 
molecules with single-strands breaks are found. In most cases of PCD, 
double stranded cleavage of DNA molecules are observed (Arends & 
Wyllie, 1991). The double-stranded cleavage in apoptosis may be 
preceded by the chromatin condensation, a key morphological 
characteristic of PCD. An endogenous endonuclease is responsible for 
this sequence-nonspec i f ic cutting at the internucleosomal regions and 
these regions are usually bound by histone HI subunit (Arends & 
Wyllie, 1991). 
The size of oligonucleosomal DNA fragment is about 180-200 base 
pairs or its multiples. It is shown as a 'DNA ladder' in agarose gel 
electrophoresis of DNA (Gerschenson & Rotdlo, 1992). Two classes of 
oligonucleosomal fragments have been observed (Arends et al., 1990). 
70% of DNA exists as long, HI-rich oligonucleosomes bound to 
nuclease and 30% comprises short oligonucleosomes and 
mononucleosomes. The short oligonucleosomes were not associated 
with HI but enriched with high mobility-group protein, HMG protein 1 
and 2. These nucleosomes were not attached to the nucleus and may 
derive from transcriptionally active chromatin. These would allow better 
access to endonuclease in the nucleoplasm, for producing more complete 
digestion (Arends et al., 1990; Vanderbilt et al., 1982). 
The chromosomes are also degraded to higher molecule weight 
fragments (700，300, 50 kilobase pairs) prior to internucleosomal 
fragmentation (Brown et al” 1993). These high molecule weight 
fragments are correlated with the very early morphological features of 
apoptosis (Gerchenson & Rotello，1992). 
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It should be noted that DNA fragmentation only involves nuclear 
chromosomal degradation (Dipasquale & Youle，1992; Davis et al” 
1992) but not mitochondrial DNA (Murgiu et al.，1992; Tapper & 
Studzinski, 1992). Most of the endogenous endonuclease found in 
apoptotic cells is Ca^ +/Mg2+-dependent (Wyllie, 1980). This 
endonuclease appears to be an anionic protein of around 130kDa 
(Arends & Wyllie，1991)). Its activity is inhibited by zinc ion (Cohen & 
Duke, 1984; Lennon et al” 1991a; Lohmann & Beyersmann，1993) and 
cadmium ion (Lohmann & Beyersmann, 1993). However, zinc ion does 
not prevent the chromatin condensation (Brown et al., 1993). Since 
higher Ca2+ concentration reversed the Zn2+-mediated inhibition, it is 
proposed that the balance between Ca2+/Zn2+ is responsible for the 
regulation of the Ca^ +/Mg2+-dependent endonuclease. On the other 
hand, a n o n - C a 2 + dependent endonuclease (Alnemri & Litwack，1990) 
such as DNase II (Barry & Eastman, 1992) may be involved in 
internucleosomal fragmentation. 
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V. Signal Transduction leading to Programmed Cell Death 
The signal transduction pathways leading to PCD may be different 
in different cell systems stimulated by different agents. 
V. 1. Role of Calcium Ion 
Various apoptotic causing agents, for example, glucocorticoid that 
induces apoptosis of thymocyte, increase the intracellular free calcium 
ion (Cohen & Duke, 1984; Orrenius et al., 1992). Moreover, calcium 
ionophore A23187 was reported to induce DNA fragmentation in 
thymocytes. Inhibition of this Ca2+ rise blocked DNA fragmentation and 
subsequent cell death (McConkey et al” 1989). 
Thus, calcium ion may serve as a second messenger for extrinsic 
signals in regulating cell death. Several lines of evidence suggest that 
Ca2+ may activate Ca2+/Mg2+-dependent endonuclease, leading to 
DNA-fragmentation eventually. Besides this, Ca2+ is suggested to be 
involved in the cytoskeletal alternations associated with the formation of 
surface blebs during apoptosis. It is also found that calmodulin (CaM) 
mRNA was induced during the apoptosis of lymphocytes caused by 
glucocorticoid (Dowd et al., 1991). The presence of CaM antagonists 
was found to inhibit DNA-fragmentation (McConkey et al, 1989). The 
activation of Csfl +-CaM-dependent enzymes probably mediates the 
pathophysiological reactions that lead to the cell death. However, the 
exact function of CaM involved in apoptosis is still unknown. 
Conversely, other investigators have revealed that DNA 
fragmentation may be independent of calcium uptake. For example, 
novobiocin, a topoisomerase II inhibitor, induces apoptosis of 
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human CEM lymphocyte without any Ca2+-dependent endonuclease 
involvement (Alnemri & Litwack，1990). The PCD in human leukemia 
cell line HL-60 can be induced by 100|iM H2O2 or 5.5% ethanol 
(Lennon et al； 1992) or calcium ionophore (Lennon et al； 1991b). Early 
significant increase in intracellular Ca2+ after treatment with these 
agents is not observed but an increase in Ca2+ at the latter stages of 
apoptosis is found. Thus Ca2+ increase is apparently a result or a 
secondary event of apoptosis. The Ca2+-dependent endonuclease may be 
activated by intracellular acidification and deoxyribonuclease II，which 
may be one of the candidate involving DNA-fragmentation of apoptosis 
(Barry & Eastman，1992). 
Hence, the role of calcium as a mediator is still controversial that 
some cell types require Ca2+ but some do not. 
V. 2. Role of Protein Kinase C 
Activation of protein kinase C (PKC) is found to inhibit the 
apoptosis at early stage. It may prevent the activation of Ca2+ 
-stimulated endonuclease during apoptosis in thymocyte (McConkey et 
al.’ 1989). Phorbol 12-myristate 13-acetate (PMA)，a PKC activator, 
abrogated anti-IgM mediated PCD in human B cell line Ramos cells 
during Gl/S transition (Valentine & Licciardi，1992). In freshly isolated 
rat hepatocytes, PKC activity is found to be suppressed when treated 
with bleomycin, an antitumour agent leading to apoptosis (Sanchez, et 
al., 1992). It is also found that activation of PKC elicited by IL-3, GM-
CSF is able to rescue M07-E cell line from apoptosis (Rajotte et al., 
1992). The abrogation of apoptosis by PKC may counteract with 
intracellular Ca2+ level. When both intracellular Ca2+ level and PKC 
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activity are increased in the case of thymocyte treated with con A, no 
DNA fragmentation was observed (McConkey et aL, 1989). However, 
imbalance in phosphoinositide pathway, in favor of intracellular Ca2+ 
and away from PKC, results in apoptosis (Knox et al； 1992). 
However, PKC(a) isoform down-regulation by PMA treatment 
abolished anti-CD3 antibodies-induced apoptosis of T-cell hybridoma 
2B4.11. (Jin et al•’ 1992). It is also suggested that PKC activation 
represents an essential step for the cell death in Y-cell hybridoma. 
Thus, activation of PKC is responsible for the inhibition of PCD in 
some cells while for initiation of PCD in others. 
V. 3. Protein Dephosphorvlation by Phosphatases 
Dephosphorylation of certain proteins is suggested to mediate the 
apoptosis of B cell lymphoma cell line BM 13674 and T cell leukemia 
cell line CEM-C7 (Baxter & Lavin，1992). The dephosphorylation may 
be due to loss of activity of a kinase or activation of phosphatase(s). 
Okadaic acid, and calyculin A, potent inhibitors of protein phosphatase 
-1 and -2A, are found to inhibit apoptosis in BM13674 (Song et aL, 
1992; 1993). Moreover, cyclosporin A and FK506 immunosuppressive 
drugs inhibit the calcineurin (phosphatase 2B), a calcium- and 
calmodulin-dependent serine/threonine phosphatase, were found to 
prevent the apoptosis in murine T cell hybridoma 16CD2-15.20 after T-
cell receptor/ CDS activation (Fruman et al” 1992). 
Thus dephosphorylation of certain proteins by phosphatase -1，-2A 
and -2B or loss of kinase activity may cause the apoptosis. 
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V. 4. Role of Adenosine 3': 5' -cyclic Monophosphate 
Increase in cyclic AMP level is proposed to induce apoptosis 
(McConkey et al•，1990). In mouse lymphoma cell line, isoproterenol, 
cholera toxin, and prostaglandin E which increase cyclic AMP level 
induce cell death (Coffino et al., 1975). Cyclic AMP or its dibutyryl 
derivative causes regression of some primary carcinogen-induced animal 
tumour, several transplantable tumours and many cell lines in vitro 
(Coffino et al., 1975). Dibutyryl cyclic AMP also causes premature 
deletion of embryonic palatal shelf tissue due to apoptosis (Pratt & 
Martin, 1975). Epidermal growth factor, which blocks the premature 
deletion is thought to exert its effect through depletion of endogenous 
cyclic AMP (Hassel & Pratt，1977). The mode of action of cyclic AMP 
in cell death is not well understood but it requires cytoplasmic protein 
to bind with. The cyclic-AMP-dependent protein kinase may be the 
target. 
V. 5. Other Signaling Mechanisms 
Recent studies show that epidermal growth factor, transforming 
growth factor-P or basic fibroblast growth factor inhibited the 
spontaneous onset of apoptotic DNA cleavage (Tilly et al., 1992). 
Genistein, a tyrosine kinase inhibitor, completely blocked the ability of 
EGF, TGF-p, and bFGF to suppress apoptosis in granulosa cells. Thus 
EGF, TFG-p and bFGF, acting through tyrosine kinase, may be the 
physiological inhibitor of apoptosis in the ovary (Tilly et al., 1992). It 
was found that CD 40 can trigger both protein tyrosine and 
serine/threonine phosphorylation in immature B cells but not in mature 
B cells (Valentine & Licciardi，1992). Results also indicate that anti-
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CD40 antibody can rescue anti-IgM-induced programmed cell death of 
Burkitt's lymphoma cell line, Ramos. This observation thus further 
supports this notion that protein phosphorylation is a modulator of 
apoptosis. 
A specific inhibitor of calcium activated neutral protease, calpain, 
can block apoptotic cell death in glucocorticoid-treated thymocytes 
(Taylor et aL, 1992). Phenylmethylsulphonyl fluoride (PMSF), an 
inhibitor of serine protease, suppressed the apoptosis induced by 
glucocorticoid and teniposide (VM-26) in thymocyte as well (Weaver et 
aL, 1972). Therefore, protease may also be another modulator of 
apoptosis. 
In addition to this, since TNF-p induces both apoptosis of target 
cell and sphingomyelin hydrolysis as well as ceramide generation. It 
seems likely that ceramide may be a second messenger of apoptosis 
(Obeid et aL, 1993). C2-ceramide, a synthetic cell permeable ceramide 
analog was found to induce internucleosomal DNA fragmentation. 
Furthermore, nitric oxide which is produced by nitric oxide 
synthase, is suggested to involve apoptotic induction in LPS-treated， 
concanavalin A-primed mice macrophages (Sarih et aL, 1993). The 
decrease in membrane potential also seems to be an early step in the 
mechanism of glucocorticoid induced apoptosis of CEM-C7 leukemic 
cell (Adebodun & Post, 1993). On the hand, sustained pHi alkalinization 
rescued M07-E human megakaryoblastic leukemic cell lines from 
apoptosis when cells were exposed to IL-3 and GM-CSF (Rajotte et aL, 
1992). 
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Although there are many possible signaling pathways mediating 
apoptosis, the integration and cross-talk of these pathways is still 
unclear. 
VI, Gene Regulation of Programmed cell death 
After the onset of apoptosis, several genes are expressed. Some 
may mediate apoptosis while some may be the consequence of the 
activation. 
VI. L Gene Expression in Programmed Cell Death 
VL 1. 1. Tissue Transglutaminase 
The gene expression and activation of tissue transglutaminase is 
induced during apoptosis (Chiocca et al., 1988; Piacentini et al” 1992). 
Tissue transglutaminase (EC 2.3.2.13) is Ca2+-dependent enzyme which 
catalyze acyltransfer reactions among polypeptide chains, leading 
through the establishment of 8(Y-glutamyl)lysine and N,N-bis(Y-
glutamyl) polyamine linkages to the formation of stable protein cross-
linkings (Folk, 1980). One of the substrates may be involucrin-like 
protein (Tarcsa et al, 1992). The highly cross-linked protein scaffolds 
are resistant to detergents and chaotropic agents (Fesus et al., 1989). 
These shells appear in scanning electron micrographs as wrinkled, 
spherical structures (Arends & Wyllie, 1991). The tissue 
transglutaminase activity temporarily stabilizes the integrity of the 
apoptotic cell, preventing the release of potentially harmful intracellular 
macromolecule leading to inflammation (Fesus et al” 1989). 
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VL 1. 2. Polv (ADP-ribose) polymerase 
Poly (ADP-ribose) polymerase is a nuclear enzyme, which is 
tightly bound to chromatin and catalyses the poly(ADP-ribosyl)ation of 
structural chromosomal proteins (Tenniswood et al., 1992) including 
histories，high-mobility group proteins (Poirier et al., 1982) and nuclear 
enzymes, like topoisomerase (Jongstra-Bilen et al., 1983) and DNA 
ligase (Ohashi et al, 1983). It is found that polymerase is highly 
stimulated by DNA strand breakage (Zahradka & Ebisuzkai, 1982), an 
event of apoptosis. It is possible that dying cell attempts to repair DNA 
damage caused by nuclease activation. However, effectiveness of repair 
is not enough to overcome the action of endonuclease though there is 
inhibition of endonuclease activity by poly(ADP-ribosyl)ation (Tanka et 
al” 1984). Thus, if poly(ADP-ribosyl)ation is inhibited, apoptosis may 
occur (Rice et al., 1992; Tian et al, 1991). On the other hand, it is 
suggested that induction of poly (ADP-ribose) polymerase is required to 
act as an active role for the enzyme in PCD (Tenniswood et al” 1992; 
Morimoto & Bonavida，1992) by unknown mechanism. 
VI. 1. 3. Testosterone-Repressed Prostate Message-2 Gene 
The testosterone-repressed prostate message-2 (TRPM-2) gene 
expression is the most widely used genetic marker of PCD. Its protein 
has been identified and cloned from a number of tissues and species 
(Tenniswood et al., 1992). TRPM-2 mRNA is identified from androgen-
repressed rat ventral prostate (Leger et al., 1987) sulfated-glycoprotein-
2, SGP-2 from rat Seroti cells (Collard & Griswold, 1987)，clusterin 
from ram rete testes fluid (Blaschuk et al., 1983), apolipoprotein J from 
human serum (de Silva et al., 1990) complement lysis inhibitor (CLI) 
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(Jenne & Tschopp, 1989)，glycoprotein 80 (gp80) (Hartman et al., 
1991)，serum protein 40，40 (SP-40, 40) (Kirszbaum et al., 1989) 
glycoprotein III (Palmer & Christie，1990)，T64 (Michel et al； 1989). 
The TRPM-2 gene is induced in a number of systems undergoing 
PCD (Kyprianou et al,, 1991，Bettuzzi et al； 1991). The TRPM-2 may 
protect the apoptotic cell from complement lysis by binding to Fc region 
of IgG and forming inactive TRPM-2-C5b-7 complex. Thus there is no 
inflammation due to apoptosis. However, TRPM-2 gene expression is 
not universal for PCD only, some normal cells also express it 
constitutively. Thus TRPM-2 may be required for certain forms of PCD. 
VI. 1. 4. Other Programmed Cell Death Associated Gene Expressions 
Heat-shock protein (Hsp) 27 and Hsp70 (Buttyan et al., 1988)， 
Ybl subunit glutathione-S-transferase (Saltzman et al； 1987) are 
expressed during PCD. It is suggested that they are an indicator of 
environmental stress or oxidative stress, rather than a required step in 
apoptosis (Flomerfelt et al., 1993). 
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VL 2. Protooncogene Regulation in Programmed Cell Death 
After the stimulus triggers the intrinsic signal transduction, 
protooncogene may be induced to regulate the apoptosis. 
VL 2. 1. bcl-2 Expression 
The bcl-2 gene which is located in chromosome 18q21 express 
Bcl-2a and Bcl-26 of 26kDa and 22kDa respectively. When the 
mammalian protooncogene bcl-2 is overexpressed, it can prolong the 
cell live or protect the cells from apoptosis. For example, both germinal 
centres and thymic cortex contain large numbers of cells which are 
undergoing the process of apoptosis (Swartzendruber & Congdon, 1963; 
McPhee et aL, 1979). Absence of bcl-2 expression within these areas is 
thought to correlate with susceptibility to induction of cell death 
(Sentman et al, 1991; Strausser et al., 1991). It was found that 
transfection of bcl-2 expressing constructs into IL-3-dependent cell lines 
resulted in prolonged survival of these cells on removal of IL-3 (Vaux et 
al., 1988) but the action of bcl-2 is not applied on IL-2 or IL-6-
dependent cell lines. Therefore, the suppression of apoptosis by bcl-2 
overexpression may depend on growth factor signaling pathways or cell 
lineage (Nunez et al., 1990). Moreover, overexpression of bcl-2 also 
inhibit apoptosis of sympathetic neuron induced by deprivation of nerve 
growth factors (Garcia etaL, 1992). Similar situation was found in PC12 
cell line (Mah etal., 1993). 
Although the Bcl-2 protein is membrane-associated. Its subcellular 
location is controversial. It is suggested to associate with nuclear 
envelop and endoplasmic reticulum (Chen-Levy et al； 1989) whereas 
another suggested that it is mainly located in the inner mitochondrial 
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membrane (Hockenberg et al, 1989 ). Recently, the protein is but not 
for mitochondrial respiration (Jacobson et al” 1993). However, the 
molecular mechanism of bcl-2 to suppress of apoptosis is still unknown. 
VI. 2 .2. c-m\c Expression 
Besides bcl-2 gene expression, the apoptosis is probably regulated 
by c-myc gene. For example, Rat-1 fibroblast expressing c-myc 
constitutively are prone to cell death upon serum deprivation (Evan et 
al., 1992). Transfection of c-mjc-expression vector to IL-3-dependent 
myeloid cell line 32D initiates PCD following IL-3 deprivation (Askew 
et al.’ 1992). C-myc expression is amplified by topoisomerase II 
inhibitors which induced apoptosis of HL-60 (Bertrand et al” 1991). It is 
a necessary component of apoptosis in T cell hybridoma stimulated by 
anti-CD3 antibody (Shi et al. 1992). 
However, c-myc gene is also expressed in cell entering proliferation 
cycle by growth factors (Grassilli et al” 1992). It is reported that both 
apoptosis and proliferation are regulated by the same early genes, c-fos, 
c-jun, c-myc but with different kinetics (Grassilli et al” 1992), On 
withdrawal of serum growth factors, c-myc is down-regulated and the 
cells revert to a growth-arrested state in which they may remain viable 
for many weeks. Up-regulation of c-myc in cycle-blocked cells induces 
apoptosis. Thus c-myc expression and the availability of critical growth 
factors delineate three extreme cell states一growth arrest {c-myc off, 
growth factors absent), population expansion {c-myc on, growth factors 
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Fig. 4. The possible relationship between in apoptosis and population 
expansion (After Wyllie, 1992) 
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The possible rescue stimuli include bcl-2, mutated ras (Wyllie et al., 
1987) growth factors (Williams et al., 1990) and the possible death 
stimulus is wild type p53 (Yonish-Rouash et al., 1991). 
VTL Concanavalin A and Succinvlated Concanavalin A 
Concanavalin A (con A) which is a lectin is reported to inhibit the 
growth of ascites tumour (Inbar et al., 1972) and is toxic to transformed 
cell preferentially (Shoham et al., 1970). However, the killing 
mechanism behind these is unknown. On the other hand, con A is a 
strong mitogen to induce T lymphocyte proliferation. In light of this, the 
effect of con A on the murine macrophage tumour cell line PU5-1.8. is 
investigated. 
VI. 1. Phvsiochemical characterization 
Concanavalin A is isolated from Canavalia ensiformis (common 
name Jack Bean) by Summer (1919). It is well studied and characterized 
(reviewed by Chowdhury & Weiss，1975; Gold & Balding, 1975; 
Bittiger & Schnebli，1976; Tipson & Horton，1978; Sharon & Lis，1989). 
The information of concanavalin A is summarized as follows: 
Con A exists as a homotetramer at physiological pH with molecular 
mass of 102.5kDa. Each protomer consists of transition metal binding 
site (Si) for maganese ion (Mn2+)，calcium binding site (S2) and 
saccharine-binding site (Fig. 5). Each protomer is made of 237 amino 
acid residues with molecule weight of 25.5 kDa. The protomer contains 
2 p-sheets overlapping each other (Fig. 6). The back twisted one is 
25 
« 
Fig. 5. Schematic diagram of the concanavalin A tetramer. Binding 
sites for Ca2+，Mn2+ and specific saccharides are indicated by 
Ca, Mn and S respectively. Roman numerals designate the 
individual subunits. (after Becker et aL, 1976) 
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t 
Fig. 6. P-Stmctures in concanavalin A. (a) The back (non-twisted) 
pleated sheet, (b) The front (twisted) pleated sheet., (after 
Becker etaL, 1976) 
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responsible of tetramer formation of con A. In dimerization, two 
protomers are joined by 8 hydrogen bonds between the adjacent side of 
back p-sheets. The dimers like a roughly ellipsoidal domes�Then two 
back-p-sheets of dimer interact with the other to form a tetrameric 
con A. The whole molecule involves 12 ionic interactions, 26 hydrogen 
bonds and Van der Waal's Forces. The polymerization of tetrameric 
con A depends on pH. At pH 5.6 and below, two protomers are 
associated into dimer and con A exists in tetramer above pH 5.6 (Agrawl 
& Goldstein，1968). 
For the three binding sites of the protomer, saccharide binding sites 
do not depend directly on calcium, but the binding of Ca2+ to the S2 site 
causes an alteration in the environment of the Si site which in turn is 
important for the creation of the saccharide binding site. The saccharide 
binding site can bind the non-reducing terminal a-D-mannopyranoside, 
a-D-glycopyranoside, N-acetyl-glycosamine and certain non-reducing 
terminal mannopyranoside with descending affinity. The hydroxyl 
groups of C2, C3, C4 and C6 of saccharide play an important role for 
interaction of con A. Owing to tetrameric form, con A is a multivalent 
protein. The chain-end mechanism is proposed that con A interacts with 
multivalent polysaccharide or glycoprotein on the cell surface. Thus con 
A may cross-link the glycoproteins on cell surface or agglutinate cells 
together. 
The tetrameric con A has strong agglutination, cap formation of 
glycoprotein receptors but inhibits Ig receptor cap formation. However, 
if con A is succinylated, it becomes dimeric form and shows weaker 
activities in terms of agglutination and cap formation. These may be due 
to the reduction of the extensive receptor cross-linkage when the con A 
is in the dimeric from (Gold & Balding，1975). 
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VI. 2. Cellular response to Concanavalin A 
The carbohydrate binding activity of con A induces different 
cellular response through binding of glycoproteins, glycolipids in the 
plasma membrane of different cell types. The glycoconjugate is 
distributed randomly on the resting cell membrane (Hughes, 1976). 
After con A complexes with glycoproteins receptor, it may trigger the 
signal transduction pathway and sends signals to sub-cellular effector 
systems. If the glycoproteins are multivalent, exposed more than two 
mannopyranoside, con A will redistribute the receptor sites to form 
concentrated clusters or patches (Sharom et al； 1989). It may enhance 
the signal triggered by the receptors. The lateral movements of several 
patches with con A will aggregate into a 'cap' on cell surface. This may 
require an association of mobile units with cytoplasmic contractile 
elements (microfilaments or microtubules). 
Con A exhibits extensive biological activities: mitogenesis of 
primary T-lymphocytes (Andersson et aL, 1972, Nowell, 1960), 
stimulation of hexose transport in fat cells (Czech & Lynn, 1973). It also 
stimulates the release of platelets (Majeous & Broodie，1972) and 
histamine (Siraganian & Siraganian，1974). It induces the superoxide 
anion formation in phagocyte (Balsinde & Mollinedo，1988; Korchak et 
al., 1988) and manifests anti-tumour effect (Shoham et al., 1970; Inbar 
et al., 1972). 
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The signal transduction triggered by con A is exemplified by 
mitogenesis of primary T-lymphocytes. Con A receptor is associated 
with G proteins (Osawa, 1990) which induces the hydrolysis of 
phosphatidylinositol 4,5-bisphosphate into diacylglycerol (DAG) and 
inositol 1,4,5-trisphosphate (IP3) (Crumpton et al., 1976; Sharon & Lis, 
1989) (Fig. 7). IP3 mobilizes Ca2+ from cytosolic pools whereas DAG 
activates membranous PKC into cytosolic form. Eventually it results in 
DNA synthesis (Sharon & Lis 1989). 
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Fig. 7. Model of transmembrane signal transduction in mitogenic 
stimulation. 
Interaction between the mitogen and its receptor activates the enzyme phospholipase 
C, which hydrolyses phosphatidylinositol 4,5-bisphosphate(a) into inositol 1,4,5-
trisphosphate (b) and diacylglycerol (c). The last two compounds synergistically act 
as secondary messengers to elicit physiological responses. (Sharon & Lis 1989) 
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VIII. Features of Murine Macrophage Cell Line PU5-1.8 and 
Normal Macrophages 
Macrophage is one of the important immunocytes that is not only 
responsible for innate immunity, but also participates in various 
immunoregulatory functions (Unanue & Allen，1987). It originates from 
colony-forming unit, granulocyte-macrophage (CFU-GM). The CFU-
GM differentiates into monoblasts and then promonocytes, monocytes 
eventually in bone marrow. The monocytes circulate into the blood 
stream. They further differentiate into macrophages in tissue (Lewis & 
McGee，1992). Although the origin of macrophage is studied well, the 
ultimate fate of tissue macrophage is uncertain. 
PU5-1.8 cell resembles mature macrophage expressing many 
surface markers like Mac-1, Mac-2, F4/80, MIV113, Thy-1 (Leenen et 
al., 1986). PU5-1.8 cells also show phagocytic ability (Leenen et al., 
1986; Kong, 1989). Thus, the murine PU5-1.8 cell line may serve as a 
model to study the cell activities of macrophage. 
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MATERIALS AND METHODS 
T. Materials 
Feotal Calf Serum (FCS) was obtained from Gibco.，DNA markers 
were from Pharmacia. Fluo-3-AM and BAPTA-AM were purchased 
from Molecular Probes (Eugene, Oregon). Anti-PKC antibody and 
radioactive substances were supplied by Amersham (Australia).Western 
blotting kits were from Promega (Madison, Michigan). Anti-IgG-HTC 
conjugate was from Antibody Incorporated. Staurosporine and phorbol 
12-myristate 13-acetate were obtained from Calbiochem (San Diego, 
California). Other reagents were purchased from Sigma (St. Louis, 
Missouri). 
TT. Cell Culture 
PU5-1.8 cells were derived from Balb/c mice and were cultured in 
10% FCS-supplemented RPMI-1640 medium at 37�C in a 5% CO2 
incubator. They were subcultured two to three times weekly. For the 
growth-arrested cells, cells grown to confluence were arrested by 
incubating the cells in serum free medium for 24 to 48 hours. Viability 
of cells was assessed by trypan blue exclusion assay. 
Peritoneal macrophages were obtained from Balb/c mice with 
peritoneal lavage with cold RPMI-1640 medium. After washing twice 
with phosphate buffered saline (PBS) (140mM NaCl，2.7mM KCl， 
l.SmM KH2PO4, S.lmM Na2P04, pH7.4), peritoneal macrophages were 
resuspended in 10% FCS supplemented RPMI-1640 medium and 
allowed to adhere onto sterile plastic petric dishes for at least 4 hours at 
37。，5% CO2. The non-adherent cells were washed out with PBS and the 
adherent peritoneal macrophages were dislodged by trypsin digestion. 
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TTT. rMethvl-SHI-Thvmidine Incorporation Assay 
Cells (lxl05/well)，incubated with or without additives overnight 
(18-24 hours), were pulsed with l|iCi/well of [3H]-thymidine in a 96-
well plate for 4-6 hours at 37�C，5% CO2. The [3H]- thymidine 
incorporated DNA was harvested by Cell Harvester with glass fiber 
filters. After the filters dried completely, they were then immersed into 
scintillant (PPO, 4g/l; POPOP, 0.4g/l in toluene : triton X-100, 2:1 v/v). 
The radioactivity of [3H]-thymidine incorporated into DNA was counted 
by a p-scintillation counter. 
TV. rMethvl-2H]-Thymidine Release Assay 
Cells grown in RPMI-1640 medium supplemented with 10% FCS 
(�1.5x107 c e l l s / 7 5 c m 2 flask) as mentioned were incubated with 5iiCi/ml 
sterile [3H]-thyinidine for 24 hours at 37�C, 5% CO2. The culture 
medium was then replaced by serum free RPMI-1640 medium in the 
absence of radioactive thymidine for another 24 hours. After washing, 
cells were then seeded into 96-well plates. The cells were then incubated 
with or without drug at 37�C，5% CO2 incubator for 24 hours in the 
presence or absence of serum. The cultured medium and the supernatant 
of each washing by PBS were then pooled for the radioactive DNA 
determination. The medium was dried completely and added with 
scintillant for p-scintillation counting. 
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V. 3-(4.5-diinethvlthiazol-2-vn-2.5-diphenvltetrazolium bromide 
(MTT ) Cell Death Assay 
Cells (1x105 cells/well) incubated with or without additives were 
cultured in RPMI-1640 medium at 37�C 5% CO2 for 18-24 hours. 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
dissolved in PBS (Img/ml) was added with the final concentration of 
0.167mg/ml. Following the incubation for 1.5-2 hours, the reaction was 
stopped by 50% isopropanol acidified by 0.04M HCl. The plates were 
shaken until the formazan dissolved. The absorbance was read at 540nm 
by a ELISA reader (BioRad). 
VT. T H e n t i f i c a t i o n of Cell Death using DNA Chelating Fluorescence 
P r o b e s — F l u o r e s c e n t Microscopy and Confocal Lase r 
Microscopy 
The fluorescent dye, acridine orange, enters viable cells and binds 
to DNA molecules and RNA molecules. With an ultraviolet light 
excitation, green emission observed under fluorescence microscope 
demonstrates DNA structures while a red-orange emission illustrates 
RNA materials. Ethidium bromide, on the other hand, is not taken by 
viable cells but entering the nonviable cells. Ethidium bromide binds 
mainly to DNA molecules to show an orange emission but binds weakly 
to RNA. If the DNA of non-viable cell is spread throughout the whole 
cells, the cell is stained in orange by acridine orange. 
For fluorescent microscopy, after seeding the cells onto the sterile 
coverslips in petric dishes, cells were incubated with or without drugs in 
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RPMI-1640 medium at 37�C，5% CO2 incubator for 18-24 hours. Before 
staining, acridine orange (100|ig/ml in PBS) was mixed with ethidium 
bromide (lOOjig/ml in PBS) by 1:1. The mixture of fluorescent dyes was 
then added on the rim of coverslips. The fluorescent image was 
observed under ultraviolet fluorescent microscope and the results were 
taken by a camera with Kodak Gold 100 films. 
The cells that were viable (V) show bright green chromatin with 
organized structure. The cells that were apoptotic (A) show highly 
condensed or fragmented chromatin in green or orange in colour. The 
cells which were necrotic (N) show orange chromatin with organized 
structure. The % of apoptotic cells was calculated as follows: 
% of Apoptotic cells = ~ n u m b e r of A——xlOO% number of A+N+V 
For the confocal laser microscopic studies, cells incubated with or 
without additives on the surface of circular coverslips (Fisher Scientific 
Co.) were placed in a holder containing 1 ml Na+-Hepes buffer (140mM 
NaCl, 5mM KCl，ImM CaCh，ImM MgCh, lOmM Glucose, lOmM 
Hepes, pH 7.4). Acridine orange or ethidium bromide (both dissolved in 
PBS) was loaded to the cells with a final concentration of 0.5|ig/ml. The 
images were visualized by 'Insight' confocal laser microscope (Meridian 
Instruments, Michigan). A laser was used for excitation with a 488nm 
filter while emission signals were collected with a 510nm long pass 
filter. The intensity of the fluorescent probes were converted into 12-bit 
pseudocolour profile. The pseudocolour images were then photographed 
directly from monitor. 
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VTT Annlysis of DNA Fragmentation 
Cells of density of IxlO^/ml treated with or without additives for 
18-24 hours at 37�C，5% CO2 in 24-well plate or petric dishes，were 
transferred to microcentrifuge tubes and centrifuged at 2000xg 
(Eppendorf, Centrifuge 5402) for 3 min. The cell pellets were 
resuspended in PBS (pH 7.4) and washed twice. The DNA extraction 
method was modified from the one of Keller and Manak (1989). After 
washing, cell pellets were resuspended in cold cell lysis buffer, (CBL) 
( lOmM Tris，lOmM NaCl，lOmM NaiEDTA, pH 7.4). The SDS was 
then added to make a final concentration of 1%, w/v. Subsequently, 
equal volume of liquefied phenol was added and centrifuged at 6000xg 
for 5 min. The aqueous layer was transferred to a new microcentrifuge 
tube and then centrifuged at 6000xg for 5 min. Following the addition of 
an equal volume of chloroform, the aqueous layer was transferred to 
new tube again. 1/10 volume of 2M sodium acetate and 2 volumes of 
cold absolute ethanol were added and were then stored for overnight at 
- 2 0 � C Following the centrifuge at ISOOOxg for 10 min, the pellet was 
washed with 70% and then with absolute ethanol. The ethanol was 
aspirated and air-dried for 10-15 min. The pellet was dissolved in TNE 
buffer (lOmM Tris, 15mM NaCl, 5mM Na2EDTA, pH 7.6). 
Proteinase K (final concentration 100|ig/ml) was added and the mixture 
was incubated at 37�C overnight (16-24hr). Then RNase A (10|ig/ml) 
was added to the reaction mixture and the solution was further incubated 
at 4 5 � C for 45 min. The DNA sample was extracted by phenol-
chloroform extraction and precipitated by ethanol as described above. 
DNA was dissolved in minimum volume of TE buffer (lOmM Tris, 
ImM Na2EDTA, pH 7.6) and vortex slowly. 
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For the electrophoresis of DNA, DNA samples and DNA markers 
(dilute 10-fold), ？iDNA Hindlll Digest or 0X-174 RF HaelH Digest or 
100-base pair ladder, were dissolved in the gel-loading buffer (6X) 
(0.25% bromophenol blue, 30% glycerol in distilled water, 60mM 
Na2EDTA, pH 8.5). The DNA samples were run with 1.5% agarose gel 
electrophoresis at 50V for 2 hours using TBE 5X buffer (54g/l Tris-base, 
27.5g/l boric acid, 0.5M NaiEDTA, pH 8.0) as electrophoretic buffer. 
The TBE 5X buffers and gel loading buffer 6X were diluted to IX 
before use. The DNA bands were visualized by staining in ethidium 
bromide (1.5|ag/ml) for 30 minutes under the ultraviolet illuminator. The 
photograph was taken using Polaroid 665 or 667 film. 
VII. Determination of Ca2± Fluxes bv Confocal Laser Microscopy 
Following the adhesion of cells on the circular coverslips, fluo-3-
AM (500mM in DMSO) was loaded to the cells at final concentration of 
IjiM/106 cells/ml at 37�C for 15-30 min. The cells were then washed 
three times with Na+-Hepes buffer, pH 7.4 or with Ca2+ free Na+-Hepes 
buffer (lOOmM NaCl, 25mM EGTA, lOmM Hepes, pH 7.4). The 
coverslip was then fitted into a holder containing 1 ml Ca2+-enriched or 
Ca2+ free Na+-Hepes buffer, pH 7.4. Changes of the intensity of the 
fluorescent probe were then measured by Meridian Insight confocal laser 
microscopy. The pseudo-colour intensity-coded images were visualized 
in monitor. For the intracellular Ca2+ free situation, cells were loaded 
with BAPTA-AM and fluo-3-AM. 
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X. Determination of PKC Activation by Western Blotting and 
Immunocvtochemistrv 
For Western blotting, cells treated with or without additives were 
dispersed in 5 volumes of ice-cold suspension buffer (O.IM NaCl, 
lOmM Tris-HCl, pH 7.6，ImM EDTA，l|ig/ml DTT). An equal volume 
of 2xSDS gel loading buffer (lOOmM Tris-HCl, pH 6.8, 200mM DTT, 
4% SDS, 0.2% bromophenol blue, 20% glycerol) was then added. The 
samples were placed in a boiling-water bath for 10 min. After the 
samples had sonicated, they were centrifuged at 13,000xg for 10 min. 
The supernatant was transferred to a fresh tube. 
The SDS-PAGE was set up as follows : The separating gel solution 
was mixed with 3 ml running gel buffer, pH 8.8 (1.5M Tris-HCl, pH 
8.8, 0.4% SDS); 3.5 ml of acrylamide solution containing 0.3g/ml 
acrylamide and 8mg/ml of N,N'-methylene bisacrylamide; 6|il TEMED 
and 40|al of 10% ammonium persulfate. The distilled water was added to 
make up the final volume to 12ml. Then the separating gel solution was 
added to the mini-gel apparatus (BioRad) before polymerization. The 
stacking gel solution contained : 1 ml of stacking buffer (0.5M Tris-HCl, 
pH 6.8, 0.4% SDS) as well as 0.5ml acrylamide solution, 6[il TEMED, 
10|il of 10% ammonium persulfate and 2.7ml distilled water. The 
stacking gel was added on the top of the solidified separating gel with 
insertion of comb. The comb was put away after the stacking gel had set. 
Each sample (20|il) was loaded to the well. The electrophoresis was run 
at lOOV with electrophoretic buffer (25mM Tris, 1% SDS, 0.193M 
glycine, pH 8.3) until the tracking dye migrated to the bottom of the gel. 
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The Western blotting was established as follows : six pieces of 
Whatman 3MM papers and one piece of nitrocellulose filter were cut to 
the exact size of gel. The nitrocellulose filter was soaked with distilled 
water for at least 5 min. The 3MM papers were soaked in transfer buffer 
(39mM glycine, 4.8mM Tris，0.037% SDS，20% methanol, pH 8.3). 
Three sheets of 3MM papers were placed on the graphite anode and then 
the nitrocellulose filter on the stack of 3MM papers and SDS-PAGE gel 
finally. Another three sheets of 3MM papers were placed on the gel. The 
air-bubbles were removed in between the papers, filter and gel. The 
system was applied with a current of 66mA for 2 hours. 
The nitrocellulose filter was then placed in blocking solution 
(lOmM Tris-HCl，pH 8.0, 150mM NaCl, 0.05% Tween 20 as TEST and 
1% BSA) for at least 30 min. The blocking solution was replaced by 
t e s t containing primary anti-PKC antibody (1:1000) and the filter was 
incubated for 30 min. The filter was washed with TEST thrice and 
incubated in TEST containing secondary anti-IgG-alkaline phosphate 
antibody conjugate (1:5000) for another 30 min. The filter was washed 
T E S T three times again. The filter was then transferred to the colour 
development solution containing 0.66% NBT (v/v) and 0.33% BCIP 
(v/v) in alkaline phosphatase buffer (lOOmM NaCl, 5mM MgCl2.6H20， 
lOOmM Tris, pH 9.8). The coloration development was stopped by 
rinsing the filter in distilled water and stored in moisture bag. 
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For immunocytochemical studies of PKC, cells of density of 1x106 
cells/ml grown on coverslips treated with various agents were fixed by 
5% acetic acid in methanol. The cells were then dehydrated at - 2 0 X in 
the ice-cold methanol for at least 30 min and were then rehydrated with 
Na+-Hepes buffer, pH 7.4 with 100|ig/ml BSA. After washing, cells 
were incubated with anti-PKC-IgG (1:1000) and stood for 30 min. 
Subsequently, anti-IgG-FITC conjugate (1:3000) was added. After 
incubation and washing, the intensity of FITC was recorded by a 
MultiProbe 2001 confocal laser scanning microscope system (Molecular 
Dynamics, Sunnyvale, CA) fitted with an Argon laser and a Nikon 
inverted microscope using excitation wavelength of 488nm and 
emission wavelength of 510nm long pass filter. The pseudo-colour 
image on the monitor was photographed directly from the monitor. 
XL Statistical analysis 
All results are expressed as the arithmetic mean and standard 
deviation (SD). Student's T-test is used to determine the confidence 
limits in experiment comparison. Normally, p<0.05 is regarded as 
significant different if without specification. 
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RESULTS 
I. rnncanavalin A wns a Cell Denth Causinpr Agent in PU5-1.8 
cells 
1.1 rnnrnnnvalin A ^eAuced the Proliferation in PU5-1.8 cells 
[3H]-Thymidine incorporates into DNA when the cells undergo 
DNA synthesis during proliferation. Thus, the [3H]- thymidine 
incorporation can be employed to monitor the effect of concanavalin A 
on the proliferation of PU5-1.8 cells. As shown in Fig. 1-1， 
[3H]-thymidine incorporation in PU5-1.8 remained more or less constant 
when the concentration of concanavalin A was in the range of Ing/ml to 
lO^ig/ml. When the concentration was greater than 10 ^ig/ml, the DNA 
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Fig. 1-1. Effect of concanavalin A on 袖-Thvmidine Incorporation 
in PU5-1.8 cells 
Resting PU5-1.8 cells of 5x10^ cells/well density were cultured with various 
concentrations of conA for 24 hours at 37°C, 5% CO� . The [^H]-thymidine 
incorporation was determined as described in experimental procedure. Results 
are mean 土 SD of three determinations. 
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1.2. Con A Exhibited Cytotoxic Effect to PU5-1.8 cells 
The method of [^H]-thymidine incorporation cannot determine 
whether the decrease in DNA synthesis mediated by con A is due to the 
cytostatic or cytotoxic action. Hence, other assay was used to distinguish 
these possibilities. Since the design of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay is to measure the activity of 
dehydrogenase in active mitochondria as a parameter of cell growth 
(Mosmann, 1983)，this can be used to investigate the viability of cells 
after con A-treatment. As shown in Fig. l-2a, con A decreased the living 
mitochondrial dehydrogenase activity in the range between l|ig/ml and 
50 |ig/ml. The EC50 was found to be 8|ig/ml. According to standard 
curve in Fig. l-2b, about 50% of mitochondrial dehydrogenase activity 
of PUS-1.8 cells was still observed at high concentration of con A 
(> 50|i.g/ml).These suggest that con A is a cell death causing agent in 
some populations of PU5-1.8 cells. 
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Fig. 1-2. Effect of concanavalin A on MTT metabolism in PU5-1.8 cells 
PU5-L8 cells of density of 1x10^ cells/ml were incubated with various concentrations 
of concanavalin A for 24 hours at 37�C，5% CO�（a) and the standard curve of cell 
numbers of PUS-1.8 cells in MTT metabolism (b). MTT metabolism was determined 
at OD 540nm as described in materials and methods. Results are mean 土 SD of three 
determinations. 
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1.3. Con A exhibited Cytotoxic Effect on Normal Peritoneal 
Macrophages 
Since PU5-1.8 cell line is a premature macrophage cell line. It is 
interesting to study whether the cytotoxic effect of concanavalin A 
observed in PU5-1.8 cell can be obtained in mature normal peritoneal 
macrophages. Fig. 1-3 shows that incubation of normal macrophages 
with con A also suppressed the living mitochondrial activity. The EC50 
was 43|ig/ml and is higher than those from PU5-1.8 cells as measured by 
MTT assay. Thus, PU5-1.8 cells were more sensitive to con A than the 
normal peritoneal macrophages did. 
1.4. Succinvlated Concanavalin A Showed a Weaker Cytotoxic Effect 
in the PU5-1.8cells 
When con A is succinylated, it dissociates into two dimers. It was 
reported that the cellular response to succinylated con A was weaker 
than con A (Gold & Balding，1975). In light of this, the cytotoxic effect 
of succinylated con A on PU5-1.8 cells was measured by [^HJ-thymidine 
incorporation and MTT assays. Both the [^H]-thymidine incorporation 
and mitochondrial dehydrogenase activity decreased gradually when the 
cells were incubated with succinylated con A (Fig. 1-4 and Fig. 1-5). 
The EC50 of succinylated con A found was 210|ig/ml while that of con 
A was 8-15|ig/ml (Fig. 1-1). Thus, succinylated con A required a higher 
concentration to kill PU5-1.8 cells. 
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Fig. 1-3. Effect of Concanavalina A on Peritoneal Macrophages 
Peritoneal macrophages of density of 1x10^ cells/ml were isolated as shown in 
'Materials and Methods'. The cells were incubated with various concentrations of 
con A for 24 hours at 37�C，5% CO� . The MTT metabolism was measured at 
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Fig. 1-4. Effect of succinvlated Concanavalin A on F-HI-Thymidine 
Incorporation in PU5-1.8 cells 
PU5-L8 cells of denisity of 5x10^ cells/ml were incubated with various concentrations 
of succinylated conA for 24 hours at 37°C, 5% CO� . The [^H]-thymidine 
incorporation was determined as described in experimental procedure. Results are 
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Fig. 1-5 Effect of succinlvated conconavalin A of the MTT metabolism 
in PU5-1.8 cells 
PU5-1.8 cells of density of 1x10^ cells/ml were incubated with various concentrations 
of succinylated conA for 24 hours at 37�C，5% CO� . The relative MTT metabolism 
was obtained by the the ratio of OD 540nm of treated group/control. The results are 
mean 土 SD of three determinations. 
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1.5. g-D-Methylmannopyranoside Inhibited the Cytotoxic Effect of 
Con A in PU5-1.8 cells 
a-D-methylmannopyranoside is known to inhibit the effect of 
con A because it saturates the saccharide binding sites of con A (Bittiger 
& Schnebli，1976). Thus, the effect of a-D-methylmannopyranoside on 
con A-treated PUS-1.8 cells was determined by the MTT metabolism. As 
shown in Fig. l-6a, the cells remained alive when they were treated with 
bo th a -D-methylmannopyranos ide and con A. Dose of 
a-D-methylmannopyranoside at 5mM was enough to saturate the 
binding site of concanavalin A and not harmful to cells as measured by 
MTT assay (Fig. l-6b). This observation indicates that the saccharide 
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Fig. l-6a Effect of a-methvlmannopvranoside on con A cytotoxicity 
in PU5-1.8 cells 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with various 
concentrations of con A in medium only ( o ) or in the presence of 5mM 
a-methylmannopyranoside (MMP) ( • ) for 24 hours at 37�C，5% CO� in 
Fig. l-6a. The relative MTT metabolism is calculated by the OD 540nm of 
treated group divided by that of corresponding control. Results are mean ± SD 
of three determinations. (*/?<0.05) 
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Fig. l-6b Fffcnt of varjnm concentrntinns of a-D-Tnethylmannopyranoside 
on cytotoxicity of con A in PIJ5-1.8 cells 
PU5-1.8 cells with density of IxlO^ cells/ml were incubated with various 
concentrations of a-D-methylmannopyranoside (MMP) (50^iM, 500^iM and 5mM) 
and concanavalin A (15^g/ml and 50^lg/ml) for 24 hours at 3TC, 5% CO2. The MTT 
metabolism was measured at OD 540nm. Results are mean 土 SD of three 
determinations. 
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1.6. FCS Inhibited the Con A-induced cell death of PIJ5-1 R�e1k 
Fig. 1-7 shows the effect of concanavalin A on PU5-1.8 cells which 
were pretreated with FCS for 30 min at 37�C，5% CO2. Although serum 
shifted the curve upwards, the trend of the decline still remained. In Fig. 
1-8，cells were treated with con A for 30 min before serum stimulation, 
an increase in pH]-thymidine incorporation was obtained which is 
similar to those obtained by pretreatment of cells with serum (Fig. 1-7). 
Moreover, when cells were co-cultured with con A in the presence or 
absence of serum, an increase in mitochondrial dehydrogenase activity 
was observed in the group with serum treatment (Fig. 1-9). Thus, the 
sequence of treatment of cells with con A and serum seemed not to be a 
factor that affects the con A effect. Con A less sensitive PU5-1.8 cells 
were selected by continuous culturing of PU5-1.8 cells with sub-lethal 
dose of con A in the presence of 10% FCS. As shown in Fig. 1-10，the 
con A less sensitive cells were not susceptible to various concentrations 
of con A in the MTT assays. However, in the absence of FCS, these cells 
were susceptible to con A. These observations suggest that FCS can 
minimize the killing effect of con A. 
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Fig. 1-7. Effect of ConA on the 2.5% FCS pretreated PUS-1.8 cells. 
PU5-1.8 cell of density 5x10^ cells/ml were cultured with medium alone ( O ) 
or 2.5% FCS ( • ) for 30 min. Cells were then treated with serial concentrations 
of con A and incubated for 24 hours at 37°C，5% CO� . The [^H]-thymdine 
incorporation was measured as described 'Materials and Methods'. Results are 
mean 土 SD of three determinations. 
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Fig.1-8. Effect of FCS on the ConA treated PUS-1.8 cells 
PU5-1.8 cells of density 5x10^ cells/ml were cultured with various concentraions 
of concanavalin A for 30 min. They were then incubated with medium alone ( o ) 
or with 2.5% FCS ( • ) for 24 hours at 37°C，5% CO� . The [^H]-thymidine 
incorporation was measured as materials and methods described. Results are mean 
土 SD of three determinations. 
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Fig.1-9. The Effect of 5% FCS on MTT metabolism of Concanavalin A 
treated PUS-1.8 cells 
PUS-1.8 cells of cell density 1x10^ cells/ml were incubated with various 
concentrations of conA in the absence ( o ) or prensence of 5% FCS ( • ) 
for 24 hours at 37°C, 5% CO� . The OD 540nm was measured as MTT metabolism 
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Fig. 1-10. Effect of Concanavalin A on MTT metabolism of con A less 
sensitive PU5-1.8 cells 
PU5-1.8 cells were cultured continuously by 20|ig/ml con A in the presence of 10% 
FCS for 24 hours at 37�C，5% CO?. The cell density (1x10^ cells/ml) were incubated 
with various concentrations of con A for 24 hours at 37°C, 5% CO� in the medium 
( o ) or in the presence of 5% FCS ( • ). The absorbance at 540nm was 
determined. Results are mean 土 SD of three determinations. 
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IL Concanavalin A is an Apoptosis Causing Agent in PU5-1.8 cells 
H I . Con A Induced Apoptosis in PU5-1.8 cells 
The number of cells with condensed chromatin after con A 
treatment (50^g/ml) were counted by fluorescent probes, acridine orange 
and ethidium bromide. The fluorescent images of untreated cells and con 
A-treated cells were shown in Fig. 2-1 and Fig. 2-2, respectively. The 
untreated cell contained diffused chromatin which was stained as 
yellowish areas while the con A-treated cells had globular chromatin 
stained as orange or greenish-yellow. According to this classification, the 
percentage of apoptosis increased when the cells were treated with 
increasing concentration of con A and succinylated con A (Table 2-1). 
By this assay, there was about 20% of cell undergoing spontaneous 
apoptosis without FCS supplementation during 24 hour-incubation. 
Succinylated con A showed a weaker effect than con A. However, the 
percentage of apoptosis by con A in the presence of 5% FCS was lower 
than that in the RPMI-1640 medium only. It is interesting that the 
percentage of apoptosis caused by succinylated con A in the presence of 
FCS was greater than that in the absence of FCS. Furthermore, the 
formation of blebbing on the cell surface was studied by the confocal 
laser microscopy. Fig. 2-3 and Fig. 2-4 respectively illustrate the 
morphology of untreated cells and con A-treated cells after staining with 
acridine orange. In the pseudocolour image, the untreated cells showed 
circular shape with reddish nucleus (high amount of DNA) (Fig. 2-3). 
On the other hand, in the con A-treated cell, there are at least seven 
apoptotic bodies containing DNA present near on the cell surface 
forming blebbing (Fig. 2-4). Thus, the con A-treated PU5-1.8 cells 






Fig. 2-1. A typical fluorescent image of untreated PU5-1.8 cells 
PUS-1.8 cells with density of 1x10^ cells/ml were incubated with 5% FCS at 37°C, 
5% CO2 for 18 hours. Then cells were labeled by acridine orange and ethidium 
bromide as described in 'Materials and Methods'. Two fluorescent micrographs were 
photographed from a fluorescent UV-microscope. 
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Fig. 2-2. A typical fluorescent image of apoptotic cells 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with 50^g/ml con A at 
3TC at 5% CO2, for 24 hours. Then the cells were labeled with the acridine orange 
and ethidium bromide as described in 'Materials and Methods'. The fluorescent 
micrograph was photographed from a fluorecent microscope. 
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Table 2-1 Percentage of Apoptosis in PU5-1.8 cells 
% of apoptosis 
Treatment Without 5% FCS With 5% FCS 
Control 23.9% 3.5% 
15|ag/ml Con A 63.1% 24.9% 
50|ig/ml Con A 53.0% 50.0% 
Control 20.6% 8.0% 
15|ag/ml succinyl Con A 31.4% 65.5% 
50!ig/ml succinyl Con A ^ 79.8% 
PU5-1.8 cells grown on coverslips (1x10^ cells/ml) were co-cultured with 
concanavalin A or succinylated concanavalin A with or without 5% FCS for 24 hours 
at 37°C，5% CO2. After washing, cells were then loaded with acridine orange and 
ethidium bromide as described in 'Materials and Methods'. The percentage of 





Fig. 2-3. A confocal laser micrograph showing the morphology of 
untreated PU5-1.8 cells 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with 5% FCS at 37°C， 
5% CO2 for 18 hours. Cells were then labeled with acridine orange and observed 
under confocal laser microscope as described in 'Materials and Methods'. The 
pseudocolour image was photographed directly from the monitor. 
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Fig. 2-4. A confocal laser micrograph showing the morphology of PU5-
1.8 cell treated with con A 
PU5-1.8 cell treated by 50|ig/ml con A at 37°C’ 5% CO2 for 18 hours, was labeled 
with acridine orange and observed under confocal laser microscope as shown in 
'Materials and Methods'. The pseudocolour image was photographed directly from 
the monitor. 
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IL2. Con A Enhanced the Release of DNA in PU5-1.8 cells 
During programmed cell death, the apoptotic bodies containing 
nuclear materials may form and detach from cells. Therefore, DNA 
molecules released into culture medium can be used as an index to 
measure apoptosis. Fig. 2-5 shows the effect of concanavalin A on the 
release of DNA from PU5-1.8 cells. Higher the concentration of 
concanavalin A, more DNA molecules labeled with [3H]-thymidine were 
released (Fig. 2-5). The DNA released from the con A-treated cells was 
level-off at 50|ig/ml of con A. The EC50 found from this assay was 
15.5|ag/ml. In the control group, a basal level of DNA release was still 
observed(�30%). In summary, concanavalin A enhanced the release of 
DNA materials into the culture medium in a dose-dependent manner. 
IL3. Con A Induced DNA fragmentation in PU5-1.8 cells 
The internucleosomal cleavage is a typical characteristic of 
programmed cell death and a DNA 丨ladder丨 can be shown in agarose gel 
electrophoresis. The agarose gel electrophoretogram of DNA of con A_ 
treated PU5-1.8 cells was shown in Fig. 2-6. The DNA 'ladder' appeared 
at 10-50 |ig/ml of con A in the presence of 5% FCS and the intensity of 
the DNA ladder increased with increasing concentration of con A � T h e 
size of each bands in DNA 'ladder' was about 200 base-pair or its 
multiples. It is also noted that a spontaneous DNA fragmentation 
occurred in the absence of FCS (Fig. 2-6). The time course of the con A 
effect of PU5-1.8 cells with con A was shown in Fig. 2-7. The 
oligonucleosomal fragments were observed obviously at 8 hour-
treatment in RPMI-1640 medium only and at 12 hour- treatment in the 
presence of 5% FCS. 
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Fig. 2-5. Effect of concanavalin A on rSHI-Tbyniidine release of 
PU5-1.8 cells 
PU5-1.8 cells of total cells number 15x10^ were prelabelled with [^H]-thymidine 
in 10% FCS for 24 hours at 37�C，5% COo. After washing, cells were treated with 
“ 3 • • various concentrations of concanavalin A in the absence of FCS. [ H]-thymidine 
release in medium was measured as shown in 'Materials and Methods'. Results are 
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Fig. 2-6 The electrophoretogram of DNA of PU5-1 -8 cell treated with 
various concentrations of concanavalin A 
PU5-L8 cells with density of 1x10^ cells/ml were incubated with various 
concentrations of concanavalin A for 18 hours in the presence or absence of 5% FCS 
at 37°C, 5% CO2. Each DNA sample was isolated as illustrated in 'Materials and 
Methods'. The DNA samples were loaded into 1.5% agarose gel electrophoresis and 
ran at 50V for 2 hours. 
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Fig. 2-7 The electrophoretogram of DNA of PU5-1.8 cell treated with 
concanavalin A for various time intervals. 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with 50}ig/ml 
concanavalin A for various lime intervals as indicated in the presence or absence of 
5% FCS at 37°C, 5% CO2. Each DNA sample was isolated as illustrated in 'Materials 
and Methods'. The DNA samples were loaded into 1.5% agarose gel electrophoresis 
and ran at 50V for 2 hours. 
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n.4. Cycloheximide Inhibited the Con A-Induced Cell Death in 
PU5-1.8 cells 
In many cell types, synthesis of protein is a necessary step to initiate 
apoptosis. To investigate this possibility, cycloheximide, an inhibitor of 
protein synthesis, was employed. In MTT assay, the cycloheximide 
killed about 20% of PU5-1.8 cells when the concentration of 
cycloheximide was in the range of 10-250ng/ml (Fig. 2-8) and it 
killed nearly all the cells at l|ig/ml cycloheximide (data not shown). As 
shown in Fig. 2-8，the con A-induced cell death was rescued by low 
concentration of cycloheximide (lO-lOOng/ml). Fig. 2-9 shows the effect 
of cycloheximide (lOOng/ml) on concanavalin A-treated PU5-1.8 cells. It 
was shown that cycloheximide inhibited the con A-induced cell death 
especially at high con A concentration (15-50|ig/ml). 
The degree of DNA fragmentation induced by con A was also 
suppressed by lOOng/ml cycloheximide (Fig. 2-10). In the control group, 
lOOng/ml cycloheximide did not induce any DNA fragmentation in PU5-
1.8 cells even after 24-hour incubation. 
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Fig. 2-8. Effect of cycloheximide on the MTT metabolism of conA-
treated PU5-1.8 cells 
PU5-L8 cells of 1x10^ cells/ml were incubated with various concentrations of 
cycloheximide in the medium alone ( O ) or in the presence of 50|jg/ml conA 
( • ) for 24 hours at JVC, 5% CO� . The MTT metabolism was measured as 





s 1.0 一 j i X I ^ 
1 0 . 8 一 
S 0.4 - \ 
0.2 -
0.0 I _ I 1 “ J “ ‘ 
0 10 20 30 40 50 60 
[Concanavalin A] (|ig/ml) 
Fig. 2-9 Effect of cvcloheximide on the MTT metabolism of PU5-1.8 
cells with various concentrations of concanavalin A 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with various 
concentrations of concanavalin A in the medium only ( O ) or in the presence 
of lOOng/ml cycloheximide ( • ) for 24 hours at 37�C，5% CO]. The relative 
MTT metabolism were measured as described. Results are mean 士 SD of three 
deteiniinations. 
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Fig. 2-10 An electrophoretogram of DNA of PU5-1.8 cell treated with 
concanavalin A and cycloheximide. 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with 15|ig/ml or 
50|ag/ml concanavalin A in the presence of 5% FCS and lOOng/ml cycloheximide at 
37°C, 5% CO2. Each DNA sample was isolated as shown in 'Materials and Methods'. 
DNA samples were loaded into 1.5% agarose gel electrophoresis and ran at 50V for 2 
hours. 
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11.5. Nicotinamide Inhibits the Con A-Induced Cell Death in PU5-1.8 
cells 
Poly(ADP-ribose) polymerase was reported to enhance the 
programmed cell death (Tenniswood et al” 1992; Morimoto & 
Bonavida, 1992). Nicotinamide, an inhibitor of poly(ADP-ribose) 
polymerase, is employed to assay the role of poly(ADP-ribose) 
polymerase in the con A-induced cell death. Fig. 2-11 shows the effect of 
nicotinamide on the MTT metabolism of con A-treated cells. The killing 
effect of con A was inhibited at high concentration of con A. Moreover, 
nicotinamide also caused a partial inhibition on the con A-induced DNA 
fragmentation in the agarose gel electrophoretogram (Fig. 2-12). It seems 
likely that a spontaneous DNA fragmentation was found when the cells 
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Fig. 2-11. Effect of Nicotinamide on the MTT metabolism of ConA-
treated PU5-1.8 cells 
PU5-1.8 cells of cell density of 1x10^ cells/ml were incubated with various 
concentrations of concanavalin A in the medium alone ( o ) or in the presence of 
lOmM nicotinamide ( • ) for 24 hours at 37�C’ 5% CO� . The MTT metabolism 
was measured as described in 'Materials and Methods'. Results are mean 土 SD of 
three determinations. (* p<0.05, ** pcO.Ol，***p<0.001) 
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Fig. 2-12 An electrophoretogram of DNA of PU5-1.8 cell treated with 
concanavalin A and nicotinamide. 
PU5-1.8 cells with density of 1x10^ cells/ml were incubated with concanavalin A 
(15^Lg/ml or 50|ig/ml) and lOmM nicotinamide(NAD) in the presence of 5% FCS at 
37�C, 5% CO2. Each DNA sample was isolated as shown in 'Materials and Methods'. 
The DNA samples were loaded into 1.5% agarose gel electrophoresis and ran at 50V 
for 2 hours. 
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IIL Signaling elicited bv Concanavalin A 
n i . l . Con A Increased Intracellular Free Calcium Ion Concentration of 
PU5-1.8cells 
III.l . l . Con A Induced Ca2± Mobilization in PU5-1.8 cells 
Fig. 3-1 shows the intensity of fluo-3 of three individual cells which 
referred to the intracellular free Ca2+ level. Results in Fig. 3-1 also 
illustrate that incubation of cells with con A (70|ig/ml) increased the 
intracellular free Ca2+ concentration (except cell ,3丨).Addition of con A 
at time 10s increased the intensity of fluorescence of fluo-3 to maximum 
at time 20s (cell '1' and cell '2'). Afterwards, the intensity decreased to 
the level lower than the original level. Fig 3-2 shows a positive control in 
which ionomycin, an calcium ionophore, increased the [Ca^+Ji of the 
same cells as shown in Fig. 3-1. This demonstrates that the cells were in 
the functional state. 
The level of calcium ion increased by con A was estimated semi-
quantitatively (Fig. 3-3). The intensity of fluo-3 increased by con A was 
in the range between those induced by ionomycin of concentrations 
2ng/ml and 20ng/ml. 
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Fig. 3-1. Effect of concanavalin A on calcium mobilization in PU5-1.8 
cells 
PU5-1.8 cells grown on coverslips were loaded with fluo-3 as shown in 'Materials 
and Methods'. Con A of 70|ig/ml of final concenlration was added at time 10s. The 
time course of the change of the intensity of fluo-3 was read and plotted. 
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Fig. 3-2. Effect of ionomycin on calcium mobilization in PU5-1.8 cells 
PU5-1.8 cells grown on coverslips were loaded with fluo-3 as shown in 'Materials 
and Methods'. Ionomycin (20|ig/ml final concentration) was added at time 10s. The 
time course of the change of the intensity of fluo-3 was read and plotted. 
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Fig. 3-3. A semi-quantitation of the increase of calcium activated bv 
con A 
PU5-1.8 cells grown on coverslips were loaded with fluo-3 as shown in 'Materials 
and Methods'. 0.25ml of con A (final concentration of 100|ig/ml) was added at time 
100s. lonomycin of final concentration of 2ng/ml, 20ng/ml, 200ng/ml and 2}ig/ml 
was successively added at time 200s, 250s, 300s and 350s, respectively. The time 
course of the change of the intensity of fluo-3 was read and plotted. 
78 
in.1.2. Con A Induced the Ca2± Influx and Intracellular Ca2± 
Mobilization 
Calcium ions can either pass through the Ca2+ channel in plasma 
membrane from surrounding medium or be released from intracellular 
Ca2+ pools. To distinguish the source of the calcium ion during the con 
A treatment, PU5-1.8 cells were incubated in Ca2+-free Na+-Hepes 
buffer. As shown in Fig. 3-4, con A increased the intracellular free 
calcium level of six individual cells in Ca2+-free Na+-Hepes buffer. 
These results show that con A could trigger the release of calcium ion 
from the intracellular pools. When the exogenous calcium was added to 
the environment at time 60s, a further rise of fluo-3 intensity was 
observed. This suggests that external calcium entered into the cells 
through the membrane channels. Taken together, con A increased the 
Ca2+ through an influx of external Ca2+ and a mobilization of Ca2+ from 
internal pools. 
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Fig. 3-4. Effect of concanavalin A on intracellular calcium ion level of 
PU5-1.8 cell in Ca2±-free environment 
PU5-1.8 cells grown on coverslips were loaded with fluo-3 as described in 'Materials 
and Methods'. In calcium-free buffer, con A (final concentration of 57|ig/ml) was 
added at time 18s. Subsequently, CaClz (final concentration of 0.14M) was 
supplemented to the buffer at time 60s. The time course of the change of the intensity 
of fluo-3 was read and plotte. 
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III. 1.3. 1.2-Bis(2-amino-phenoxylVethane-N.N.N'.N\-tetraacetic 
acid acetoxvfmethvn ester (BAPTA-AM) Inhibited the Ca2± 
Mobilization in PU5-1.8 cells Stimulated bv Con A 
To find out the role of calcium ion in the con A-induced cell death, 
BAPTA-AM, an intracellular calcium chelator was loaded into the cells. 
When the cells were loaded with BAPTA-AM (40|iM) for 2 hours, con 
A and ionomycin could still trigger the Ca2+ mobilization (Fig 3-5a). 
However, when the loading time of BAPTA-AM increased to 4 hours 
and 45 min, both con A and ionomycin could not induce any increase of 
intracellular free calcium (Fig. 3-5b). 
The effect of BAPTA-AM on con A-induced cell death was studied. 
Within the dosage of BAPTA-AM that could abolish the increase of 
calcium mobilization, BAPTA-AM could not inhibit the cell death 
caused by con A in the MTT assay (Fig. 3-6) and DNA fragmentation 
(Fig. 3-7). Thus, it seems likely that calcium mobilization did not take 
part in the con A-induced cell death. 
On the other hand, ionomycin induced cell death of PU5-1.8 cells as 
measured by MTT assay (Table 3-1). Furthermore，co-incubation of cells 
with con A and ionomycin show an additive cytotoxicity. It is also 
interesting that the intensity of ’DNA ladder' decreased as the 
concentration of ionomycin increased (Fig. 3-8). These suggest that the 
cell death pathway initiated by ionomycin may be different from that by 
con A. 
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Fig. 3-5. Effect of BAPTA-AM on intracellular free calcium ion level 
in PU5-1.8 cells in Ca2±-free environment 
PU5-1.8 cells grown on coverslips were loaded by 40|iM BAPTA-AM for 2 hours 
(a) or 4 hours and 45 min (b) in a holder contained 0.5ml Ca2+-free Na+-Hepes 
buffer, pH 7.4. Fluo-3 were then loaded into cells as shown in 'Materials and 
Methods'. 0.2ml of con A (final concentration of 57|ig/ml), CaCh (final 
concentration of O.SjiM) and ionomycin (14}ig/ml) were added at time 45s, 156s, 
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Fig. 3-6 Effect of BAPTA-AM on the MTT Metabolism of ConA-
PUS-1.8 cells 
PU5-1.8 cells of density 1x10^ cells/ml were incubated with medium only ( o ) 
or 40|iM BAPTA-AM ( • ) for 4 hours and 45 min. Afterwards, cells were treated 
with various concentrations of concanavalin A for 18 hours at 37°C, 5% CO� . The 
MTT metabolism was measured as described in 'Materials and Methods'. Results are 
mean ± SD of three determinations. 
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Fig. 3-7 Effect of BAPTA-AM on con A-mediated DNA fragmentation 
in PU5-1.8 cells 
PU5-1.8 with density 1x10^ cells/ml were incubated with 40|iM BAPTA-AM for 4 
hours and 45 min with various concentrations of concanavalin A for 18 hours at 
37°C，5% CO2 in the presence of 5% FCS. DNA samples were then isolated as 
described in 'Materials and Methods'. 'DNA fragments were separated by 1.5% 
agarose gel electrophoresis, ran at 50V for 2 hours. 
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Table 3-1. The percentage ofnell death ofPTT5-1 8 cells induced by 
m n r n n n v n l i n A and ionomvcin 
% of Cell Death 
Medium only 2.5|ig/ml 5|iMg/ml 
lonomycin lonomycin 
Medium only / 19.8±4.9 b 24.7±3.1 d 
50ug/ml conA 25.4土 10.5 c 43.7土4.6 (i’b 51.5±5.4 c,d 
PU5-1.8 cells of density of IxlO^ cells/ml were incubated with 50^g/ml 
concanavalin A and/or lonomycin as indicated at 37�C，5% CO2 for 6 hours. MTT 
metabolism was then measured as described in 'Materials and Methods'. The 
percentage of cell death is calculated relative to the reading obtained from medium 
only. Results are mean 土 SD of three determinations. Uhb&d: p<0.05 ； c : pcO.OOl) 
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Fig. 3-8 T f^fi^ pt of ionomv^in nn D N A fragmentation in PU5-1.8 cells 
trpnfpH with concanavalin A 
PU5-1 8 cells with density of l x l 0 6 cells/ml were incubated with various 
concentrations of concanavalin A and ionomycin (0.25^ig/ml or 2.5ng/ml) for 18 
hours at 37�C，5% CO2 in the presence of 5% FCS. DNA samples were isolated as 
shown in 'Materials and Methods'. DNA fragments were studied by 1.5% agarose gel 
electrophoresis ran at 50V for 2 hours. 
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IIL2. Rnle of Protein kinase C 
IIL2.1. r on A Tncreas^H the nmoiint of PKC in PU5-1.8 cells 
Western blotting was used to analyze the PKC amount during con A 
treatment. As shown in Fig. 3-9，a time-dependent increase of PKC was 
observed. Maximal amount of PKC was found with the 2-hour treatment. 
Results in Fig. 3-9 also shows that chronic treatment of cells with PMA， 
an PKC activator, down-regulated the PKC. 
111.2.2. rnn A trnnslocpt^H the. Protein Kinnse C from Cytosol into 
Siihnuclear Region 
The location of PKC after various treatments was investigated by 
immunocytochemistry with confocal microscope. As shown in Fig. 3-10, 
con A not only induced cytosolic PKC to translocate into the subnuclear 
region but also increased the amount of PKC (Fig. 3-lOd). Cells 
incubated with 0.2^ig/ml PMA for 2 hours represents a positive control 
demonstrating the translocation of PKC (Fig. S-lOb). Down-regulation of 
PKC was also observed in 24-hour treatment with PMA (Fig. 3-lOc). 
These results thus suggest that con A also causes the translocation of 
PKC from the cytosol to the subnuclear region as PMA does. 
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Fig. 3-9 We.^tern blotting of PKC of nfter PIJ5-1.8 cells treated with 
con A 
PU5-1.8 cells of number 2x106 were incubated with 50^g/ml con A for various time 
intervals or 0.2^g/ml PMA for 4 hours. Proteins of each sample was loaded into 
SDS-polyacrylamide gel electrophoresis and ran at lOOV until the bromophenol blue 
had migrated to the bottom of gel. The western blotting was performed as described 
in 'Materials and Methods'. 
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F^g ^-10 F.ffer.r nf concannvnlin A on the translocation of PKC in 
PIJ5-1.8cell 
PU5-1.8 cells of density of 1x10^ cells/ml were incubated with medium alone for 2 
hours � or PMA 0.2|ig/ml for 2 hours (b) or 24 hours (c) or con A 50^g/ml for 2 
hours (d). Cells were then fixed and incubated with anti-PKC antibody and anti-IgG-
FITC antibody as shown in 'Materials and Methods'. The confocal images of the 
intensity of FITC were visualized. The pseudo-colour image was photographed 
directly from the computer monilor. 
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111.2.3. The Cell Dea出 Induced bv Con A Is Partinllv Inhibited By 
PKC Down-Regulation Rut not bv Stniirosporine 
Since FCS enhances the proliferation of PU5-1.8 cells through PKC 
activation, the [3H]-thymidine assay was employed to verify the 
conditions that could down-regulate PKC. As illustrated in Fig.3-11，the 
[3H]-thyinidine incorporation was suppressed when the concentration of 
PMA was below 0.5^g/ml. With the concentration of PMA greater than 
0.5|ig/ml, an increase of [3H]-thymidine incorporation was observed. 
The decrease in thymidine incorporation after the PMA treatment may be 
due to the down-regulation of PKC. However the mechanism for the 
increase in [3H]-thymidine incorporation after long-term PMA treatment 
is unknown. 
The effect of PMA down-regulation of PKC on con A-treated PU5-
1.8 cells was shown in Fig. 3-12. The down-regulation of PKC， 
confirmed by the FCS-mediated [3H]-thyniidine incorporation, could 
inhibit the con A-induced cell death by 20%. However, the PKC 
inhibitor, staurosporine would not suppress the con A-induced cell death 
(Fig. 3-13). The dosage of staurosporine (5nM) used in Fig. 3-13 was 
effective as confirmed by the [3H]-thymidine incorporation assay (Fig. 
3-14). Taken together, these suggest that PKC is not a primary factor for 
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Fig. 3-11. Effect of PMA down-regulation of PKC of F-HI-thymidine 
incorporation of sereum treated PU5-1.8 cells 
PU5-L8 cells of cell density 1x10^ cells/ml were incubated with various 
concentrations of PMA for 24 hours at 37�C，5% CO� . After washing, 
cells were cultured with 10% FCS incubated as above indicated. The 
[^H]-thymidine incorporation was measured as in 'Materials and Methods'.. 
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Fig. 3-12. Effect of PKC down-regulation of on the Con A-treated 
PU5-1.8cells 
PU5-L8 cells with density of 1x10^ cells/ml were incubated with medium only 
( o )or0.2|ig/ml PMA ( • ) for 24 hours at 37°C，5% CO� . Cells were then 
cultured with various concentrations of concanavalin A for another 24 hours. The 
The MTT metabolism was measured as shown in 'Materials and Methods'. Results 
are mean ± SD of three determinations. (* p<0.05, ** p<O.Ol) 
92 
1.1 — 
I 1.0 - J 
t�.9 _ \ \ 
I 0.8 - \ \ h - \ \ 
I 0.6 - U I: 02 ~ I I 1 1 1 « 
“ 0 10 20 30 40 50 60 [Concanavalin A] (jig/ml) 
Fig. 3-13. Effect of Staurosporine on the MTT Metabolism of ConA-
treated PU5-1.8 cells 
PU5-L8 cells with density of 1x10^ cells/ml were incubated with medium only 
( O ) or 5nM staurosporine ( • ) for 4 hours at 37�C’ 5% CO� and were then 
treated with various concentrations of concanavalin A for 20 hours at 37°C，5% CO� . 
The MTT metabolism was measured as illustrated in 'Materials and Methods'. Results are 
are mean 土 SD of three determinations. 
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Fig. 3-14. Effect of staurosporine on [-HI-thymidine incorporation 
in serum treated PU5-1.8 cells 
PU5-1.8 cells of cell density of 1x10^ cells/ml were incubated with 5nM 
staurosporine for 4 hours at 37°C, 5% CO� . The cells were then treated with 
10% FCs and incubated at 37° C, 5% CO� . The [^H]-thymidine incorporation 
was determined as shown in experimental procedure. Results are mean 土 SD 
of three determinations. (§ p<0.05, * pcO.Ol，#/7<0.001) 
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DISCUSSIONS 
I. PUS-Ie8 cells as a Model for the Study of Cell Death in 
Macropha~es 
Macrophages play an important role in immune system. They 
participate in innate immunity and take part in the immunoregulation 
(Unanue & AlIen, 1987). Lewis & McGee (1992) showed that the 
production rate of monocytes is very fast (1.5xl 06 cells per 24 hours). 
However, the ultimate fate of tissue macrophages is uncertain. Cell 
death may therefore play a critical role to maintain the homeostasis. 
PUS-1.8 cell as a cell line provides many advantages as an in vitro 
model over peritoneal macrophages (Kong et aI., 1989). It is convenient 
to obtain a large population of relatively homogenous cells. The 
experimental results obtained are attributable only to macrophages but 
not from other cells (Ralph, 1986). PU5-1.8 cells themselves are arrested 
at the stage between monocytes and mature macrophages (Leenen et a!., 
1986). PU5-1.8 cells possess a number of macrophage characteristics. 
For example, they express a number of macrophage specific markers on 
the cell surface. They can produce superoxide anion and phagocytose 
bacteria. Thus, PU5-1.8 cell line may serve as a model to study the 
physiological activities of macrophages. 
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11. Concanavalin A caused Cell Death in PUS-Ie8 cells 
Concanavalin A (con A) which is carbohydrate-binding protein, 
exhibits numerous biological responses. For example, con A is a 
mitogen of T -lymphocytes (Andersson et al., 1972) but a cytotoxic agent 
in transformed cells (Shoham et ai., 1970). Con A also elicits other 
cellular responses in macrophages. For instances, it induces superoxide 
anion formation in phagocytes (Balsinde & Mollinedo, 1988; Korchak et 
ai., 1988) 
In order to mimic the response of normal macrophages with con A, 
PU5-1.8 cells must be grown at a quiescent state and then were treated 
with con A. This can be prepared by growing the cells in a selum-free 
medium for 24 to 48 hours. At this resting stage, con A reduced the 
proliferation of PU5-1.8 cell as measured by [3H]-thymidine 
incorporation (Fig. 1-1). In the presence of serum, con A still suppressed 
the DNA synthesis. This inhibition is independent of the sequence of 
con A and serum stimulation (Fig. 1-7, Fig. 1-8). However, not all cells 
were killed by con A. 
The decrease in DNA synthesis can be explained by either 
cytostatic or cytotoxic action. MTT assay is thus employed to 
discriminate these possibilities. MTI metabolism was applied because 
yellow MTI is converted into insoluble formazan by mitochondrial 
dehydrogenases in living cells. The purplish formazan is dissolved by 
isopropanol. It is found by this assay that con A inhibited the 
mitochondrial activity in a dose-dependent manner (Fig. 1-2). These 
suggest that concanavalin A was cytotoxic to some but not all PU5-1.8 
cells. A subpopulation of PU5-l.8 cells resistant to the con A treatment 
was selected by culturing PU5-l.8 cells with sub-lethal dose of con A. In 
the presence of FCS, less PU5-1.8 cells were sensitive to con A. This 
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suggests that PU 5-1.8 cells can be activated by serum to overcome the 
cytotoxic effect of con A (Fig. 1-10). 
From the EC50 of con A in the MTT assay , PUS-I. 8 cells 
(EC50=8Jlg/ml in Fig. 1-2) was more sensitive to con A than that of 
resident peritoneal macrophages (EC50=43Jlg/ml in Fig. 1-3). This may 
be due to the fact that PU5-1.8 cell is a premature macrophage cell line 
which may express more or higher affinity of con A-binding sites in 
plasma membrane. 
Although succinylated con A also elicited cell death in PU5-1.8 as 
measured by [3H]-thymidine incorporation (Fig. 1-4) and MTT 
metabolism (Fig. 1-5), it shows a weaker cytotoxicity in PU5-1.8 cells 
(EC50=210Jlg/ml of succinyl con A versus EC50=8Jlg/ml of con A). 
Con A exists as a tetramer while succinylated con A is a dimer (Gold & 
Balding, 1975). Thus the cross-linkage of cell surface receptors may be 
important for con A cytotoxicity. 
a-D-methylmannopyranoside IS a competitive inhibitor of 
mannose-bearing receptors like con A. Pre-incubation of cell with 
a-D-methylmannopyranoside suppressed con A-induced cell death (Fig. 
1-6). This further suggests that the binding of con A to surface binding 
sites is through saccharide binding and this binding is important for the 
con A cytotoxicity. 
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Ill. Concanavalin A induced Proerammed Cell Death in PUS-l.8 
cells 
There are at least two kinds of cell death processes : programmed 
cell death and necrosis. In order to differentiate these possibilities, PU5-
1.8 cells were treated with acridine orange and ethidium bromide to 
assay the change of nuclear materials. A typical fluorescent image of an 
untreated cell was shown in Fig. 2-1. Obviously, the nucleus was intact 
and no fragmented or condensed chromosome was found. The reddish 
granules near the apices of pseudopodia are RNA molecules labeled by 
acridine orange. Fig. 2-2 shows a typical fluorescent image of apoptotic 
cell in which the nucleus or chromosomes were condensed or 
fragmented and stained as reddish orange or greenish. On the other hand, 
necrotic cells that had no condensed or fragmented chromosomes, were 
stained in reddish orange with acridine orange and ethidium bromide. 
Moreover, blebbings on cell surface, a typical morphology of 
programmed cell death, were found in con A-treated cells (Fig. 2-4) as 
compared with untreated cells (Fig. 2-5). However, the population of 
cell containing blebbing was less than 100/0 of total cell population. It 
may be due to the fact that apoptotic bodies had detached from cell 
surface before the microscopic observation. By these fluorescent dyes, 
the percentage of apoptosis of con A-treated cells found was about 50% 
of cell populations at 50Jlg/ml of con A (Table 2-1). Similar to the 
previous results, serum can suppress about 40 % of cell undergoing 
apoptosis at 15Jlg/ml of con A and the percentage of apoptosis induced 
by succinyl con A is less than that by con A. However, the percentage of 
apoptosis induced by succinyl con A was exceptionally high in the 
presence of 5% FCS. Since the cell adhesion of PU5-l.8 cells induced 
by succinyl con A on coverslips is less than that by con A and this may 
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be further reduced by serum growth factors. Thus, a population of living 
cells may lose after washing. 
Since apoptotic bodies containing nuclear materials detaching from 
the cell surface was observed (Fig. 2-4), the release of PH]-thymidine 
incorporated DNA was therefore measured as a parameter of apoptosis. 
The release of DNA in the external medium increased with the 
concentration of con A and leveled off at 50^g/ml (Fig. 2-5). The EC50 
found was 15.5|ag/ml. This observation matches with the EC50 of con A 
from [3H]-thymidine incorporation and MTT assay. The basal release of 
[3H]-thymidine in the absence of con A may be due to the spontaneous 
apoptosis in ablation of serum growth factors. 
DNA molecules which were cleaved by endonuclease showed a 
’DNA ladder, in agarose gel electrophoresis. This is a key characteristic 
of programmed cell death and widely used for the determination of 
apoptosis. Obviously, DNA oligonucleosomal cleavage as 'DNA ladder' 
appeared at lO^ig/ml or greater concentration of con A (Fig. 2-6). The 
intensity of DNA ladder increased as the dose of con A increased. It was 
also found that the DNA ladder phenomenon was detected at 8 hour in 
the absence of serum while at 12 hour in the presence of 5% FCS after 
con A treatment (Fig. 2-7). Thus, the serum may activate cells to prolong 
the life span of cells. According to the above results, it can be concluded 
that con A acts as an apoptosis-causing agent in PU5-1.8 cells. 
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Low concentration of cycloheximide (100ng/ml) suppressed the 
induction of programmed cell death by con A about 30% in PU5-1.8 
cells (Fig. 2-8. and Fig. 2-9). Furthermore, DNA fragmentation induced 
by con A was also suppressed by cycloheximide (Fig. 2-10). Thus, the 
apoptosis mediated by con A required protein synthesis. However, the 
cycloheximide at high concentration (l~g/ml) induced apoptosis in PU5-
1.8 cells. 
The role of poly(ADP-ribosyl)ation in apoptosis is controversial 
that an inhibition of poly(ADP-ribose) polymerase induced apoptosis 
(Rice et al., 1992; Tian et al., 1991) while activation of this enzyme was 
required to initiate programmed cell death (Morimoto & Bonavida, 
1992). In PU5-1.8 cells, the cytotoxic effect of con A was inhibited by 
nicotinamide (NAD), an inhibitor of poly(ADP-ribose) polymerase (Fig. 
2-11). About 20% of con A-sensitive cells were rescued. The DNA 
fragmentation induced by con A was also inhibited by NAD. Thus, 
poly(ADP-ribosyl)ation may play an active role in con A-induced cell 
death of PU5-l.8 cells. 
100 
IV. Increase in Intracellular Calcium was not Required in Con A-
induced Cell Death 
Concanavalin A increased the intracellular free calcium ion in PU5-
1.8 cells (Fig. 3-1). Fig. 3-4 shows that con A triggered the release of 
calcium ion (about 80% of cell population) not only from intracellular 
pools but also from the external source. However, after BAPTA-AM 
treatment, con A still caused cell death (Fig. 3-6) and DNA 
fragmentation (Fig. 3-7) which are similar to the extent of untreated one. 
Since BAPTA-AM suppressed the increase in intracellular free calcium 
ion mediated by con A and kept the [Ca^+li more or less constant 
(Fig. 3-5), the calcium mobilization may not correlate with the cell death 
of PU5-1.8 cells. On the contrary, ionomycin that induced calcium 
mobilization (Fig. 3-2) caused the death in PU5-1.8 cell (Table 3-1) 
without DNA fragmentation (Fig. 3-8). These suggest that calcium 
mobilization may not be a mediator in con A-induced programmed cell 
death. In the case of ionomycin treatment, the cell may die off early 
before the DNA fragmented into pieces. 
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V. Artivation of Protein C was Partially Required for 
Con A-induri^ri Cell Death 
Concanavalin A increased the amount of PKC detected in Western 
blotting as shown in Fig. 3-9. After con A treatment, PKC appeared at 
1 hour and reached the maximum at 2 hour. The amount of PKC was 
then decreased slightly at 4-hour treatment. From the confocal studies, 
the cytosolic PKC was translocated to membrane and subnuclear region 
(Fig. 3-10). These data, therefore suggest that PKC was activated by con 
A. However, in Fig. 3-13, down-regulation of PKC by PMA only 
rescued about 20% of con A-sensitive cell population. Thus, PKC may 
take a small part in the con A-induced cell death. Furthermore, 
staurosporine, an inhibitor of PKC, could not inhibit the cytotoxic effect 
of con A, but inhibited the serum-mediated proliferation, further support 
the notion. 
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VL General Discussions 
Concanavalin A exhibits cytotoxic effect to PU5-L8 cells as to 
other cell lines (Ralph, 1976). The type of concanavalin A-induced cell 
death is found to be programmed cell death with classical characteristics 
of DNA fragmentation. 
The ultimate fate of macrophages is still unknown. Recently, it has 
been found that Shigella flexneri could induce apoptosis in J774 
macrophages (Zychlinsky et al., 1992). Thus, the programmed cell death 
may be a normal physiological phenomenon in our body. In the present 
study, it was demonstrated that con A induced the apoptosis in PU5-1.8 
cells and normal macrophages. Therefore, concanavalin A may serve as 
a good model to study the cell death in macrophage. 
It was found that there were several con A-binding membrane 
glycoproteins : LFA-l/HMac-l/gp 150,95 adhesion glycoprotein family, 
135-kDa surface protein, CRl (all three glycoproteins are also present in 
neutrophils), 183-kDa mannose receptor and 30-kDa smoking-associated 
protein, present on alveolar macrophages (Christiansen & Skubitz, 
1988). Con A may bind on these mannose-bearing glycoproteins to 
trigger programmed cell death of PUS-1.8 cell line. 
In PU5-1.8 cells, the programmed cell death induced by con A 
required protein synthesis. This is very similar to camptothecin which 
induced apoptosis in thymocytes (Onishi et al； 1993). The poly(ADP-
ribosyl)ation may also play an active role of PCD in PU5-1.8 cells 
because inhibition of this reaction suppressed the con A cytotoxicity. 
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Although calcium mobilization was triggered by con A in PU5-1.8 cells, 
it did not play any role in PCD. On the other hand, PKC also activated 
by con A in PU5-1.8 cell. However, PKC did not play any fundamental 
role as well. Therefore, the transmembrane signaling pathway for the 
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